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The Structure and Combination
of the
Histological Elements
of the Central Nervous System.
By
Fridtjof Nansen,








Efter anhlodning gjennem herr o\'erlregc dr. D. C. Danielssen vi te herr pro-
fessor dr. G. O. Sa.fS mig den store im0.dekommenbed at tille til min disposition
en jelden rig og smuk samling alcyonarier, ~resent1ig pennatulider, indsamlet fr:o
de forskjclligste lokaliteter af vor udstr1lkte ky t, bvorfor jeg ikke noksom kan ud,.
talc min varrueste tak. I ferr overh:ege dr. Daniels en maa jeg ligeledes bringe min
tak for udvi t velvUje under lldnrbeidelsen af delle arbeide.
Sympodium hyalinum.
Tau. I[ fig. 10-13, III fig. 1- 2.
Zoanthodemet uden ·tamme, basaldel n, som ho' d tte ~x: m-
plar fuldstcendig har omspun let n d 1 at" stammen af en Cladorhiz, ,
er omtrent 0.2 mm. tyk og membran0s, v d polyperne' udspring
. danner den ingen fortykkelse. Polyperne synes at vcere ordned i
grupper paa 3-4 individer, de optrceder og aa nk Itvis og mer
sprecl~e.
Pol Ypee II e n er retraktil, i udstrakt tilstand 1.7 mm. h0i, 0.1)
mm. bred ved grunden, cylinderformet, svagt konisk ved basis. (ral>.
I1 Fig. 11.) Naar cellen er indtrukken, viser den sig kun som en
liden vorteformig forh0ining. Den er svagt furet paa langs, log no-
get mindre end hos Sympodium norvegicum Dan. & Kor. Cellens
rand er noget indskaaret, saaat der dannes ligesom ~ lave papiller.
Pol Ypen er 1. 5 mm. lang, retraktil, den treekk r sig ganske ind
i cellen, saaat den blir aldeles skjult af denn. Polyp ns bagkrop
er 0.7 mm. tyk ved celleranden. SaaveJ bagkrop som forkrop I::r
rigelig forsynet med kalkspikler. Bagkroppen er ylinderformet, glat,
uden furer, Iwad derimod forkroppen har. Forkroppen er ogsaa
cylinderformet, dog indsnevres den noget lidt under tentakelkrand-
sen. Munden er en tvcerspalte med tykke I~ber. Tentaklerne er
lange og slanke, deres aborale Rader samt pinnulerne er v I forsy-
net med spikIer og nematocyster.
Ektodermet bestaar sandsynligvis af polyedriske epithelceller,
men da cellerne var meget destruerede, kan det ikke med sikkerhed
afgj0res, endothelet dannes af runde celler som hos Symp. norvegi-
cum, dog er cellerne mindre. Man gjenflnder ligeIedes hos dennc
art de 4 rcekker spikier paa. svcelgets udvendige side (Tab. II fig.
12). Den hyppigste spikelform er straalespindler (0.080-0.132 mm.
I. 0.040 mm. br.) (fig. 13 a, b). Spiklerne optneder fortrinsvis lige
under ektodermet, hvad der bedst kan set';; i basaldelen, basald'lens
profunu lag mangler nemlig undertiden ganske spikIer, medens de
altid findes i stor mcengde lige under ektodermet. De almindeligste
spikier i basaldelen er Kollikers dobbeltkuglcr, som paa midten har
ct glat I aand (0.108 mm. I. 0.064 mm. br. 0.016 mm. br. paa mid-
ten) (Tab. 1II fig. 24) og vortede spindler (0.12. mm. I. 0.052 mm.
br.) (fig. 25), i ringere mcengde findes kors (0.112 mill. I. 0.096 mm.
I r) (fig. 27) og dobbeltstjerner (0. I 04 mm. I. 0.064 mm. br. 0.020
mm. br. paa midten) (fig. 29).
ellen, der er lige saa rig paa kalk som basaldelen, har iscer
vorted , brede spindl r (0. 156 mm. I. 0.060 mm. br.) (fig. 15) samt
koller (0.081 mm. I. 0.040 mm. br.) (fig. 16) sjeldnere er smale
spindler (0.176 mm. I. 0.040 mm. br.) (fig. 17), dobbeltspindler (0.200
mm. I. .064 mm. br. 0.044 mm. br. paa midten) (fig. 18) og nogle
ciendommelig firkantede spikIer (0. I24 mm. I. 0.0<)6 mm. br.) (fig.
19). I polypens bagkrop ligger spiklerne fordetmeste paatvcers af
polyp ns lcengderetoing, i forkroppen f01ger de denll , for atter igjell
j t ntakl rn at indtage den samme stilling som i bagkroppen (Tab.
II fig. I I). I tentaklerne gaar spiklerne lige ud til den yderste. spids
(Tab. m fig. I). Den almindeligste spikel er k011en (0.140-0.176
mm. J. 0.036-0.040 mm. br.) (Ta.b. ill fig. 2-4) og lange pidse
'pindler (0.380 mm. I. 0.064 mm. br.) {fig. 5), af andre spikier kan
ncevnes glatte tynde spindler (0.136 mm. I. 0.016 mm. br.) (fig. 7),
tykk ur g Imcessige k0Uer (0.140-0.152 mm. I. 0,044-0.048 mm.
br.) (fig. 8, 9) og kors (0.172 mm. I. o. J 12 rom. br.) (fig. 10). I ten-
takl rne er spik!erne som oftest stcerkt tomede k011er (0.100 mm. I.
0.032 min. br.) (fig. 1J).
amtlige dele af polypen har en gjennemsigtig, skidden gul·
h id farv .
Findest d. Den nor ke nordhavsexpedition station 35. 63 0 17'
r . Br. 1 0 17' V. L. fra Greenwich, l08r favnes dyb, grund bilocu-
lin! r, temp ratur + 1,20 C. Ved en feiltagelse kom ikke denne
art (I xpl.) ind i xpeditionens generalberetning o\:er akyoni1erne.
Sympodiu111 hyalinum staar Sympodium norvegicum Dan. &
Kor. *) ncermest, men adskiller ig ~r fra denne ved spikier i po-
Iypen bagkrop og ved at spiklerne gaar helt ud i tentakleme
spidse, has ymp. norvegicum naar derimod spikleme kun til den
yderste fjerdedel af tentaklerne. 'pikLernes form er ogsaa forskjellig.
saaledes finde dobbeltk'U,glerne hos Symp. hyalinum omtrent ude-
.) Daniel en & Koren: Nye Alcyonider. G rgoDider og PenDatulider. Rer-
&en 188~. s. 14·
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lukkcnde i basaldelen, m 1 ns de hos Symp. n rv('gi lllll is 'I' '1'
talrige i cellens \·.egge.
Stenogorgia rosea.
Till> I, II fig. 1-9.
Polyp tokken er grenet, glat rund, 72 mm. hoi, 2 111m. tyk 11ll·1·
I 'm polyperne. Basaldel n er udbredt kiv formig f~ st t til sblk t
af nomia anomala. .'aavel grenene om hovedstamm'n ('1' for. y.
net m d talrige knuder, del' I' ordn de i to rader ligc til grl'nclIl's
spids. hvor de danner ligesom en liden br d pJadc. Knuclcrne i
disse rader ligger dog ikkc ganske i sammc plan, idet d' Jigger snarl'
Iidt mere til den ene side, snart licit m I' til den anden, denne as·
symetri er dog ikke saa stcerkt fremtrceclenclc, at man 1<an sige, at
knuderne ligger spr dte. Ordningen er alcleles ens me I clen, V (Trill
fandt hos Stenogorgia casta *). Diss knucler lIer I olyp eller l'r
lave Iidct fremspringende, af en oval noget konisk form. Paa let
aftegnede exemplar Iigger aile grene paa samrne sick af hovt d·
stammen, men det er ikke altid tilfcel let. at d0mme cfter cle i Rer-
gens museum vcerende exempJarer er grenene som I' gel jevnt fordelt
paa begge ider af stammen, og igjen delte i rnindre grene, denne
forgrening er dog alti 1 rnindre nd hos tenogorgia asta. Tykkel·
sen er overalt lige. Aile grene ligger i samme plan.
e0 n en c h y met er forholdsvis tykt. rigt forsyn t rned pikl('r,
del' varierer meget saavel i st0rrelse sorn udseende. Ncennest ek·
todermet Iigger en samling smaa korsformede spikier (0.052 mm. I.
0.056 mm. br.) (Tab. I fig. 2), indenfor dem optrceder spindl I' (0.112
-0.248 mm. 1. 0.024 . 0.064 mm. br.) (fig. 3. 4) og k0Jler (0.088
-0.128 mm. 1. 0.044 mm. br.) (fig. 5. 6); men ogsaa her findes
firlinger og kors i stor mcengde (0.088-0. J 40 mm. 1. 0.044 .070
mm. br. 0.020--0.024 mm. br. paa midten) (fig. 7-]4). kors og
spindler er j det hele tag t de almindcligste spikier i c0nenchymet.
ogen bestemt orden i spiklernes optrceden faar man ikke indo
tryk af.
HeJe polypstokken er bedrekket af et tyndt encellet cylindt·r·
epithel med store runde kjrerner. Indenfor dette ektoderm findes
*) Verrill: Report on the Anthozoa etc. Buletin of the museum of COI11'
parativ zoolog)' at Harvard college Cambridge Mass. vol. Xl s. 30.
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c0nenchymets vcev, c1er er dannet af et hyaJint bindevcev, hvori del'
lindes talrige bindevcevsceller med kjcerne. Foruden spikleme inde-
holder c0nenchymet lcengdekanaler af forskjellig st0rrelse, disse ka-
naler er forsynede med et rundt endothelcellelag (en~odermen).
Axen er 0.38 mm. tyk, rund glat, meget haard og uden kalk.
Farven er i stammen og de st0rre grene n0ddebrun, i de mindre
Iysere gul. Axen deles i et ydre hornet parti og en indre kavitet
(centralstrcengen). Et pladeepithel, c. 0.005 mm. h0it, med runde
I<jcerner om lutter ganske axen som med en skede (Tab. II fig. 36.
b.) En egentlig skede mangler derimod aldeles, da C0nenchymet
ikke viser noget spor til fortykkelse mod axen. Et lignende axe-
epithel fandt Koch hos Gorgonia verrucosa, *) men hos denne er
.cHerne cylinderformede i de yngre grene, polyedriske i de celdre.
Muligens er ogsaa hos Stenogorgia cellerne cylinderformecle i de
yngre gr ne, men da jeg ikke havde friskt material til raadighed, er
det ikke muligt med sikkerhed at afgj0re. Axens homede parti er
dan net af talrige, tynde concentriske lameller. Den inderste lamelle
ncermest centralstrcengen differentierer sig skarpt fra de andre, dette
trceder iscer tydcligt frem ved farvning med eozin eller Mayers alko-
holiske 1<armin, idet disse farver denne lameHe, medens de 0vrige bli'r
ufarvede. (Boraxkannin har ikke denne virkning. den farver aldeles ikke
axen). Lamellerne er forsynede med fine lcengdestriber. Fra den in-
dcrste lamelle gaar del' talrige fine hornstrcenge ind i centralstrcengen
(Tab. JI fig. 3 d , e), paa tvcersnit viser disse strcenge sig som et fint ma-
sken;et, paa lcengclesnit som tynd tvcervcegge (cfr. K611iker tab. xrn fig.
6. tab. XIV fig. 8, II) **). Hulrummene mellem maskerne er fyldt mee!
en protoplasmatisk finkornet farve10s masse, del' sandsynligvis har vcerct
flyd ncle hos clen I vcnde koral. ,-aavel central. trcengens septa som
(Jens indholcl farves af eo in og alkoholisk karmin. Centralstrcengen
CI" omtrent lige tyk ov ralt, derimod varier axens hornede parti me-
get, i spids 'n af cle mindre grene I' det kun 0.011 mm. tyk, men
i de cellre, tykker grene og hovedstammen endog op til 0.15 mm.
Lam lIernc afta'l" i antal og tykkclse mod spidsen af grenene. En-
!lver gl"en hal' sin gen selvstcendige centralstrceng, som ikke staal' i
forbincl Ise med de andre grenes (efr. Kolliker).
Pol Ypee II e n er oval, liclet fr mspringende og for st0rste Jelen
da~kk t af 0nenchymet, 1.5 mm. lang. Cellens vcegge el" rigt for-
.) Koch: i\littheilungen tiber Gorgonia \'errucosa. :'\Iorph. ]ahrhuch yol. 1\
~. 26 ,
..) Kulliker: Ie nes Hi lologiere, . 148.
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synet med kalkspikler, de samnlt' former -om i c nenchymd op-
trceder ogsaa her, nemlig kors, firlinger og dobbeltstjerner (0.108-
0.168 mm. 1. 0.076--0.096 mm. br. 0.020-0.048 mm. br. paa mid-
ten) (Tab. I fig. 21, 22, Tab. II fig. 4-9), dog er pindler ( .1)'
-0.208 mm. 1. 0.040-0.064 mm. br.) (Tab. I fig. IS-I]) 00" k01kr
(0.1 12-0.140 mm. 1. 0.066-0.072 mm. br.) (fig. I -2 ) dc hyp-
pigste i cellen.
Polypkroppen er kort, tyk og retraktil, omtr. 1 mm. I:\n
forsynet med 8 h0ie ribber. Tentaklerne er tykk og kort 1" end
pol} pkroppen. I polypkroppen. basale del er piklerne prcdt , 1l1f'1l
ordner sig meget snart i 8 paa langsliggende rader; i h r ra I lig·
gel' spiklerne parvis og vender den 0vre spids moll hinanden. Fra
ribberne gaar spiklerne 0\ er i tentaklernes aborale flad og d rpaa
ud i pinnulerne. Medens spiklerne i c0nenchym t fortrinsvis var fir·
linger og kors, tr<effer man h I' omtrent udelukkend spindl I' (0.04'
-0.184 111m. I. 0.008-0.040 mm. br.) (fig. 23-33) del' lindes dog
ogsaa kors (0.056--0.076 mm. 1. 0.036--0.068 mm. br.) (fig. 34, 35).
111en de er meget jeldne. K01leform n er og aa tCl11mdig 11YPl ig
(0.0]2 mm. 1. 0.032 mm. br.) (fig. 36).
Sv<elget (fIg. 3]) er forholdsvis langt, rigt be at l11l:d I'0dfarv de
spikIer, del' ligger i 3 paraleltl0bende r<ekker, spiklern liggcr her
snart enkeltvis, snart Aere sam men og i alle mulige stillinger. Den
hyppigste form er maa s~indler ( .044-0.056 mm. 1. 0.008 . 10
mm. br.) (fig. 38-41), amt nogle lange spikier med et glat b an I
paa midten (0.076 mm. 1. 0.020 111111. br. 0.012 mm. I r. paa mid-
ten) (fig. 42), foruden disse spikier finde' del' noglc st0fr af samm
form, men de er langt sjeldnere. Sjeldcn er og 'aa kors (0.068 mm.
1. 0.032 mm. br.) (fig. 43) samt nogle eiendomm lige timcglasfor-
mede spikier (0.032 mm. I. 0.020 mm. br. 0.008 nlm. br. paa mid·
ten) (fig. 44).
J gastralhulen fandtes talrige runde <eg (0.126 111111.) i de for-
skjellige udviklingsstadier, de var S0111 s<edvanligt h s koraldyrenc
omgivne af en stilket kapsel, som val' meget rig p:1a celieI'.
Baade polypstok og polyp r hal' en sl11uk r0d farve. Spiklerne'r
lyser0de.
Findested: Haakonsund Korsfjord 200 favnes Iyb, Konscrvat I'
Nansen.
Skj0nt denne Stenogorgia ligner meg t Stenogorgia asta V('1'-
rill, Ixn den dog opstilles som n egen art, thi samtidig me I den
store lighed, er del' saa udpr<egede forskjelligheder. at de straks fal-
der i 0inene. Hos Sten. casta er c0nenchymets spikIer for det meste
spindelformede tfusiform), medens de hos Sten. rosea som sagt iSCEr
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er kors og frrlinger. I polypkrop og tentakler har begge arter mest
spindler. Endvidere er kaliclerne hos Sten. casta hllliere, af en mere
pyramidalsk form og har lcengdefurer, hvad Sten. rosea mangler.
Danielssenia *).
En ugrenet gorgonide med skiveformig udbredt basis. Polypern
er ordnede i 2de rader, en paa hver side af stammen, de sidder i
lave, brede koniske celler, som ved basis er opsvulmede, omfattende
en del af polypstokken. Axen er hornet rund, glat og uden kalk.
C0nenchymet forholdsvis tykt. Med undtagelse af polypernes svcelg
og gastrallillamenter er hele polypstokken rig paa kalkspikler; de
hyppigste spikelformer er spindler, k011er og dobbelt tjerner.
Danielaaenia irramoaa.
Tnh. III fig. 33. lV, VI.
Polyp tok ugrenet, glat, 47 mm, h0i, 2 mm. tyk meUem poly-
pern , paa de neder te 8 mm. af stammen val' c0nenchymet afrev t,
axen var dog uskadt. Basis skivefonnig udbredt. Paa begge sider
af stammen val' der en enkelt rad med vel udvikl de polyper, del'
nart sad parvis, nart vex Ivi .
onenchymet er forholdsvis tykt, d t I' bedcekk t af et encelkt
pith Uag, hvis celler r maa la\ e med et klart ceU indhold og en
liden nand kj~rne. Dette ektQd I'm taar i direkte forbindelse med
0n nchYJl1ClS bincle\'<£\'c II r i lighcd med, Iwad jeg fandt ho Para-
muriCl'a e1egan·. Formedel t forbinuclsen meUem ktodenncellern'
g bin I v 'v celkrne er clet ofte meget \'an keligt at ad kiUe ckto-
\crm t fra Cl~ncnchym 't, hva I del' end mere van 'keliggj0r dette, cr
at bind v<cvsccllern r i st0rst m<engde i c0nenchymet· ydre lag.
l'aa grund af d nn forbindels' III lIem ektodenncclJcr og bindevcevs-
('Uer tr r K h, at bindev v 'ceU rne shiver sig ialtfald d h"i' fra
kt d rmet hvorfra de kulde vandre ind i den hyaline sub tans.
D tte synes h r at bekrcefte , thi paa tvcersnit ser d t ud, om om
bind v 'vs eUerne Ii It fter lielt cr tr ngt indover mod axen. Hinde-
v;evsceUcrnc h;\\'de : m I' gel ud10bere, del' forbandt de enkeltl'
*\ ."1. 'cten er l'knldt cfter hr. overl3=ce elr. D. C. Ibniclsscn, cler hnr gjur
sig All fortjeot veel inc arbeider over norske a1cronaricr.
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celler. Hele c0nenchym ts vce\' er gan 'ke fyldt med kalk ·pikler. dell
almindeligste form er lange spidse knudrede spindler (0.03i2 mm. I.
0.080 mm. br.) (Tab. IV fig. 1) og rett k01ler (0.14 mm. I. ·044
mm. br.) (fig. 2, 3), af andre spikelformer kan ncevnes brede mere
eUer mindre spidse, ncesten glatte spindler (0.116-0.184 mm. I.
0.040-0.052 mm. br.) (fig. 4, 8). lange b0iede keller (0,236 mm. I.
0.044 mm. br.) (fig. 5), kors (0.192 mm. I. 0.1 12 mm. br. (fig. i)
og dobbeltkugler (0.080 mm. I. 0.056 mm. br. 0.016 mm. br. paa
midten) (fig. 6). C0nenchrmets spikier er ikkC:' ordn d p~\a nog n
bestemt maade. Cenenchymets lcellgdekanaler er tore ug for ynedc
med et c. 8 "" h0it cylinderepithel med tore runde kjcerner.
Axen er n0ddebrun, \"ed gjenncmfaldenue Irs gul, den er ruml.
glat, uden kalk, 0.3 mm. tyk og be ·taar af t) nde koncentriskc h 1"11-
lameller, som omgiver en central tr~lIg. HornlameUerne har den
samme bygning, som lameUerne hos Stenogorgia. entralstr;;engen
er fyldt med en spongi0 kornet protoplasmama ·sc, m n mangl I' al·
deles de fine strcenge fra den inderste lamelle. Ax!:'cpithcl t val'
desvoerre 'aa daarligt kon. erveret, at det ikke var Illuligt at paa i l'
andet end 10srevne C Uer, der hang last ve I axen, det synes at
bestaa af lave C) Iinderformecit' celler. Co 4 "" hie. med rundl'
kjcerner.
Pol Yp c II e n er kart, trk, 0,/5 mnl. hoi, siddendc, for tarsh'
delen dcekket af c0nenchYl11 t, VtCl I asis er den stoerkt opsvulll1c[
og omfatter en del af polrpstokken, lwor polypern(' sidd r parvis,
meder de opsvulmede partier hinand n, saaat der dannes ligesol11 ('I
bredt, tykt baanc1. Cellens rand er forsynct mcd g ·Illaa. Ii let frem-
trcedende tcender. Ligesom i anenchymd er ogsaa her de almin-
d ligste pikler lange, spiclsc spindler (0.392 111111. I. .052 mm. I r.)
(Tab. IV fig. 11) og kaUcr (0.1 i2 mm. I. 0.036 mm. br.) (fig. (3)
samt desuden dobbeltstjerner (0.124 mm. I. 0.04 mm. Ilr. .020
mm. br. aa midten) (Jig. 10), cndvidere tindes kor' (0,1 ;)2-0.2 ...
mm. I. 0.088-0.1 12 mm. br.) (fig. 14, r ;), nogle for cellen eiclI'
dommeJige, uregelmce sigt firkantedc spikier (0.140 mm. I. O. 3()
mm. br.) (fig. 16) og glatte stjerner (0.056 111m. I. 0.03() 1Tl1Tl. br.
0.0[6 mm. br. paa midten) (lig. Ji). r cellen og C(1n nchyml'l el'
spiklerne Iys r0dfar\'ecle. Ogsaa i cellen ligger slJild'me uc1c'n n -
gen orden.
Polypen er retraktil, 1.2 mm. lang. dCII basale leI er Iwid. glat
cylinderformet, 0.5 mm. tyk ved celleranden. SpikkrnC' i IJasaldekn
er ufarvede og ligger uden nogen orden, den almin Ieli~st form ('I"
dobbeltkugler, som ligner meget c0nenchymets, (0. [08-0.120 mill.
-' 10-
I. 0.056 .064 mm. br. 0.020-0.024 mm. br. paa mielten) (Tab.
IV fig. 18-19) og spindler (0.18~-o.284 mm. I. 0.048-0.052 mm.
br.) (fig. 20, 21), desuden finder man uregelmcessige firlinger (0.148
mm. J. 0.116 mm. br. 0.044 mm. br. paa rnidten) (fig. 25), dobbelt-
stjerner (0. 104 mm. I. 0,044 mm. br. 0.020 mm. br. paa midten)
(fig. 26), spindelformede spikIer med en pladeformig lIdvideJse (0.228
mm. J. 0.064 mm. br.) (fig. 27) og stcerkt straalede, spidse spindler
mcd et glat baand paa midten (0. 18o rnm. I. 0.064 mm. br. 0.028
mm. br. paa midten) (fig. 23).
Ved overgangen mellern bagkroppen og forkroppen ligger spik-
Ierne paatv~rs som t bredt baand. Disse spikier er ligesom for-
kroppens lysr0cJe.
Forkroppen er klokkefonnet og forsynet med 8 hvidfarvede,
r{rllnde I~ngdefllrer, fOr0vrigt er forhoppen ligesom c0nenchym og
elle smllkt rl2ldfarved . Mellem furerne ligger spiklerne paalangs i tvende
rad 1', hvis spikIer parvis convergerer med sin 0verste spiels. Hyp·
pigst i forkroppen er lange spidse, b0iede spindler (0.400 mm. I.
0.052 mm. br.) (Tab. IV fig. 28), sjeldnere er kors (0.3 r 2 mm. J.
0.100 mm. br.) (fig, 29), klubber (0.288 mm. I. 0.064 mm. br.) (fig.
30), brede, stumpe, paa rnidten noget indsnevrede spindler (0.080
mm. I. 0.020 mm. br. 0.016 mm' br. paa midten) (fig. 32) og korte,
h0iede t;erkt tomede spindler (0.128 mm. I. 0.028 mm. br.) (fig. 31).
Svoelgct, sam cr kart, er ligesom gastralfillamenterne uden kalk.
Tcntaklcrne cr noget kortere end polypen, )1\'icl, slank. og vel
fnrsynet Il1ccJ hvicle kalkspikler i de aborale Rader og pinnl.llerne. Spik-
II:: me Iiggcr ligesom i polypens forkrop paalangs, dog uden at con-
vcrgerc (Tab. nr fig. 33). Hyppigst finder man tykke, brede spind-
ler (0..188-0.26 mm. I. o. 40-0.056 mm. br.) (Tab. VI fig. 4, 5)
og I indelfonnige spikier In d et glat baand paa miclten (0.104-
0.112 mill. I. 0.032-0.036 mm. or. 0.012--0.016 mlTl. hI'. paa mid-
tl'n) (fig. 6, 7), sjeldnerc er smale. glatte pin lIer (0.076 mm. I. 0.008
111111. or.) (fIg. 8) og maa stcerkt tornede spindler (fig. 9).
Fundet OIl' prof G. O. San; ved Ris0r 30-50 favnes dyb.
Paramuricea elegans.
Tnh. \', VII, fig. I-I
Polyp,tokkcll cr grenet, svagt torn t ru at f01e paa, 41 mm.
hoi, 2 mill. tyk 'cd I <l i, som l~r kiveformig udbredt. Grenene
- 11 .-
elanner ncesten en ret vinkel med hov dstammen. men b it'r 1llcgL't
nart opad i en bue i lighed med, hvad errill fandt hos Paralllllri·
cea borealis *). Polyperne sidder predt over hele pol) p~tokk<:'n med
undtagelse af stammens nedre del, de er iscer talrige paa grenencs
yderside. Polypeellerne er la\'e, eylinderformede vorter, som t r rigt
for ynet med store spikIer.
C 0 n e n c h y met r tyndt og b dcekket af et ~'n ellet. Ia\·t 'pi·
thel (ektoderm), som ofte synes at staa i dir kt forbind I Illcd
bindeva:vscellerne (efr. Koch Muricea placomu ) **). Di. bind vrev'·
eeller, der har kja:rner, indesluttes 0111 cedvanligt i d~ t h) alin bind .
vcev, Cl,menchymets erna:ringskanaler er b dcekk t af et . 5 II. h it
encellet lag af cylinderform de entodermceller. ~ pikll'rne, som op-
tra:der i stor ma:ngde i aile C0n nchymet lag g fll.' ·tikkel' ud
igjennem ektodermet, er som oft t pindelformed e g i r b ied
rigt besat med voTter og og aa hyppigt for ynet ml'd t mer (0. \ -+
-0·368 mm. I. 0.036-0.052 mm. br.) (Tab. fig. 4. 5), de rl'ttL'
spindler, d r r sjeldner , er som regel l<engert' end dL' I ic-e1 (o.~<x
-0·516 mm. I. 0.056-0.080 mill. I r.) (fig. i, S). F ruel n di' c til
spikelformer tinder man stcerkt knlldredc k011er (0.240 mill. I. 0.124
mill. br.) (fig. 9), spindler med ct glat baand paa midten ( .\ '4 mm.
I. 0.060 mm. br. 0.024 mm. br. paa midt n) (fig. 10) ug kars (fig. 11).
Mell m c0nenchym t og axen er del' et cnc lIet l'Jlithcllag (axe-
cpithelet). Dette cellelag er meget van keligt at adskill' fra det om·
liggend c0ncnchym, bed t fr mtr<eder axeepithel t ved fan'ning 111 d
guldchloryr og del', hvor ax n cr 10 llL't fra oncnchylllct, Iwad dn
anskeliggj0r paa\'i ningen af dette cclklag cr, at ell -kjc.ernen oft
ikke kan findes. Cel1c-rnc er 4-' !J. hpie og far 'ynnl<: Illl I store
runde kjcerner.
A x n er rund hornet, uden kalk. 0.3 111111. tyk i gJ"rnenc. Den
bestaar af lam lIer, som alta'r i tykkel'c indad og opad 111 cI gre-
nenes spiel'e; IllCllelllrlllllnwne mellcm lamellerne -I' lig som central·
,;tra:ngen fylclt med en spongi0s substans, Centralstrceng n mangl r
det fine traadnet, som linde. r. ex. hos Stenogorgia. Paa grund af
sin 10se bygning Jaar axen paa tva:rsnit IIdseende af -l mask na::t.
J hovedstall1mcn er axen gulbrLln, men blir I)' ere, nt:l:'slc.:'11 gulhvid i
de mindre grene. Afkarmin og hcematoxylill farve' ax 11 ikkc undtag n
i gren nes spidse, c1erimod f,m'es den meget skarpt af guldchl ryr.
• ) \'errill: The Anlhozoa clc. IIl1letin uf CUlI'p, 1.",1. ('amhritll:e, \,,,1.
\:1, s. 35 .
••) Koch: Bas Skelc:1 tier Alcyun:lrien. ~'''rph\. Jahrhllch, \'tI\. I\', . 453,
tab. XXIII, f'g. ).
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Cell e n er lav, tyk, cylinderformet, omtrent 1 mm. h0i og n<esten
lige tyk, rigt forsynet med spikIer, del' rageI' som en teet krands over
cellens rand (Tab. V fig. 2). Celleranden er hel. Med undtagelse
af randspiklerne er spiklerne i cellen gjennemgaaende mindre og mere
tornede end c0nenchymets. Den almindeligste form er spidse, stcerkt
takkede og tornede trillinger (0,176-0,220 mm. I. 0,088-0,100 mm.
br.) (Tab. VII fig. 8, 9, 10), endvidere lindes spidse, ofte b0iede
spindler, som hyppig ogsaa hal' straaler (0.092-0.188 mm. I. 0.012
-0.056 mm. br.) (fig. 11-14), k011er (0.184 mm. I. 0.068 mm. br.)
(fig. 15) og uogle lange, spidse spindler, del' er forsynede med tor·
n de forsatser, Kollikers, Spindel mit astiger Endplatte, (0.272 mm.
I. 0.084 mm. br.) (fig. J 8). Cellens st0rste spikier findes altid i dens
0vre parti. Karakteristisk for cellens spikier er, at de er langt mere
tornede og vortede end c0nenchymets og polypens spikier.
Pol Ypen er cylinderformet, glat c. 1 mm. h0i, retraktil. I dens
basale del er spiklerne lig c0nenchymets; her Jigger de i aile mulig
stillinger, men noget under tentakelkrandsen ordner de sig til et baand
med tveersliggende spikier, fra dette baand til tentaklerne er spik·
lern saml d i 8 paalangs gaaende rcekker (Tab. V fig. 2), [ten-
taldern , som er forhold 'vis lange og tykke, omtr. 0.5 mm. lang,
naar de er udstrakte, ligger spiklerne paatveers (fig. 3) langs den
aboral Aade. hvorfra de gaar O\'er i pinnulerne. Spiklerne gaar helt
lid j tentaklerne spids. r polypens ovre del lindes omtrent ude·
lukkende lange, noget b0iede spindler (0.236-0.800 mm. I. 0.032-
0.056 mm. br.) (Tab. VII fig. I, 2, 3) og rette k011er (0.608 mm. I.
0.07 2 mm. br.) (fig. 4. 5), sjeldnere er rette spindler og b0iede k011er
(lig. 6, 7). Og'3aa h I' er spiklerne tornede og vortede am end i
mindre grad end i c0nenchymet og cellen, men Iwad del' i eer ad-
skillcr polypens pikler fra de andre 'pikler er st0rrelsen; dette gjeel-
I r imicllerticl kUI1 'pikler Ira polyp 'ns forkrop. Farven er o\'eralt
r n Iwid. 11 ·t n gjennemsigtig.
Fundet af pro~ sor G. O. Sal" v d Hviddings0. I 150 fa\"
ne. dyb.
Dt"nnl: Paramllricea staar meget neer Paramuricea borealis \'er-
rill, IlVad I I' adskiller dem er, at Paramo elegans hal' n teet krand .
af 'pikkr rUlldt cllells rand. meden Paramo borealis kUIl hal' .
'Ilkle spikier. ogsaa spik Iformerne, iseer cell ns og c0nench)'m ts.
er forskjelligl:. Heller ikk s)'n s Paramo e1egans at veere identisk med
Paramo t(,llliis Verrill, *) da denne art hal' 8 grllpper med randspikler
i cf'Jlt'n; kaliclccrne 'I' heller ikke som hos Verrills Paramo tenui. op·
.\ \' crrill ihitlcl1l S. 38.
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svulmede ved basis. Verrills beskrivelse mangler imidlertid tegnin-
ger og er saa kortfattet, at det ikke er muligt med ikkerhed at at"·
gj0re identiteten.
Protoptilum tortum.
Tab. II. fig. 19, 20, Tab. III, fig. I, 2. 3.
Polypstokkens lcengde er 143 mm., deraf udgjer rachis 87 mn!.
Stilken har i den eyre del samme bredde 'om rachi , c. 3 mm.,
men tilta'r lidt efter lidt nedad i tykkelse og end r i en aflang bul-
bus, som er c. 4 mm. tyk paa det brede t. ] stilkens 0vr halvdel
('r der en enkel rad med smaa spidse papiller paa den dorsalc idt',
forevrigt er stilken glat og rund.
Lige fra rachis begyndelse snor dt'n sig opad i en yen ·tre dreiet
:;piral (Tab. vrn fig. I, 2), stilken er derimod lig nedstig nde.
Denne snoning af rachis synes at tiltage m d polyp tokk n udvik-
ling og begynde ferst paa et forholdsvis fremskr d t tadium. Ra hi
er, iscer i den 0vre del, meget rig paa polyper, der om oft t er
ordnede i kraat tillede tvcerrcekker paa 2-4 individ r. R kkern
gaar fra den ene laterale sid til den anden ud n at levn n g 1\
fri midtlinie, meget ofte skjcerer rcekkerne hinanden, aaled at_
fra modsat siele kommende rcekk r har n polyp fcelles, denne polyp
staar i saa tilfcelde altid i mjelten. 'om regel er aile polyper jevnt
udvjklede, man tinder dog undertiden nogl mindrc udviklede poly-
per, sam da altid ligger i midten. Enkelte enljge rudimentcer po-
lyper findes ogsaa stllndom i midten. Foruden polyper harden
/lade dorsalflade zooider, men de r dog hyppig t paa Jat ralsid me.
Ncermest ventralfladen dan ncr de ligesom et br dt bcelt , hvori der
hist og her findes en polyp. D tte b~lte dann r grcendsen mell m
lateralfladerne og ventralfladen, som er rund, n0gen glat, J.S mOl.
hred.
Polypcellen n 2-3 mm. lang, siddende, med den indr side
fastvoxet til rachis. Vet 0vre frie parti er tykt, bredt cyJinderfor-
met. Celleranden er glat, dog findes der paa den fric ide n liden
tand, som er meget rig paa spikier. Polypen er cylind rform t r -
traktil, glat, omtrent af samme Icengc1e som cellcn, kalld0s.
Tentaklerne (Tab. VUI fig. 3) er megct lange, slankc, forsynedt:
met! 15 par iJinnlller. Paa den aborale £lade har de n nkel tynd
rad met! farvel0se, spidse spikier (0.029 mm. I. 0.007 mm. I r.).
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piklerne naar aldrig helt ud i tentaklernes spids. nogen bestemt u d-
streekning syn s de dog ikke at have, undertiden naar spiklerne knapt
halvveis, til andre tider gaar de neesten helt ud i spidsen, de vane-
rer med andre ord meget. Sarcosomaet er iseer paa stilken tykt,
bl0dt og forholdsvis fattigt paa spikier. Spiklerne er fan'e10se, i
stilken meget 'maa og spredtliggende, i rachis er de talrigere, men
dog ikk saa tal rig som i cellen. Spiklerne i cellen og rachis er
spidse stavformige 0.133 mm. I. 0.018 mm. br. Sarcosomaet er be-
drekk t af et h0it encellet ektodermlag. De 4 store leengdekana-
ler samt de talrige erneeringskanaler har et 5-7 JL h0it cylinder-
formet epithel.
A x e n er kalkholdig, b0ielig rlllld, Irs gul, o. I; mOl. tyk. Den
er ikke luldt saa lang som polypstokken (her 134 mm. I.) og ender
ion nedre ende stump.
Axcepithelct er meget hco)it (14-21 JL) cylinderformet, cellerne
r klare, meget smale me I tydelig m mbran og rund kjeerne. Mel·
lem cellernc gaar del' fra skeclens hyaline bindeveev ucll0bere til axen,
und 'rtid n naar de ikke 'aa langt, af og til kan de dog forf01ges
som tynde. line traade langt ind i a..xen *).
R a chi s cr som l'agt med lIndtagelse af den ventrale ide me-
get rig paa moider, dette gjcdd I' specieIt de laterale ·ider. Paa
den dorsale Aade er zooid rne parsommere og optreeder mere en-
keltvis In lIem polyprcekk rne. af og til danner de maa grupp r paa
3 indivicl I' (Tab. \ III fig. 19). Paa lateralfladerne cr cler som reael
ikke nogen stor orden i fordelingen af zooiderne; underticlen danner
d' skraa rcekker paa 3-4 individer, rcekkerne gaar fra den dorsale
side til den \'entrale, andre st cl r er zooiderne ordnecle i grupper
paa 3 individ r ell r ligg r enk ltvis (fig. 20). Zooiclerne ligner smaa,
oval vorter mcd en rund Inllnaabning, de er ikk omgivne af spik-
Ier. r ounden paa enkelte polyp rs gastralhule fandtes tore, ovale
<:eg (O.3t)~ Inm. I. .208 mm. br.), i den '" re del meg t xeentrisk
laa d n ; 'gfonnede nucleus (0. 24 mm. I.). [ t af eegg ne fandt jeg
3 kja:rnc!C'gclllcr, hvoraf et stort. Protoplasmamassen i nucleus var
Iys rc af n finere kom t trllktllr end det g ntlige <:egs. Som seed-
vClnligt \'ar a~gg t mgivct af n tyk flerecllet kapsel. Jmell In dcnne
kap I og 111 IObrana vit lIina cr c1er en tynd hyalin hind , (efr.
.) Koch: 1>(1' Skelel der .\Icyollnrien. ~Torph. Jl\hrbuch, \'01. IV, -id. 462
lnh. :-::-:11 fie. 10, II.
Kuren oc Ilnniel- ell: Nye Alcyunider. (;orl:0nirler 01: I'ennntulider•. 25-2 .
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Lacaze-Duthiers), *) som mcd lethed lader sig lose fr;1 mem-
brana vitellina, men derimod ikke rra capsula cellulari·. Fan'cn
overalt r0dbnlO.
Flindet af prof. G. O. Sars ,'cd Yadso.
Stichoptilum.
Pcnnatulider tilhorendc familien Protoptilida:: med udl r<eact bila·
teral symmetri, Rachis l<engere end :till,en, 'om cnder i n bulbus.
Polyperne, som er for ynet med celler, cr retraktil, idd nde og ord-
net i to r<ekker paa hver side £If rachis; den ydre r<ekke pol)'p "r er
vel udviklet, den indre dcrimod mere ('lIer rnindre rudiment<er. el-
len cylindcrformet m· d S lidet frem pringende ta::nder. Vcntral-
Raden nogen. Zooiderne i 3 ra::kker, en indr bngs d n dorsale
midtlinie og cn ydre paa hver ide af rachis bngs d flildt udvik-
lede polyp rs yderside. Axen cr ·ti\', rllnd og spids i begae ender.
Kalklegemer i polypstok. celie og tentakler.
Stichoptilum arcticum.
Tau. \'I(I lig. 4, 5. Tab. IX.
Til unclers0gelse forelaa 3 excmplarer af d Ilne art. D t mindst .
exemplar maalte 234 mill., rachis [it mm., det StOl..t ~ 10 mill.,
hvoraf rachis 230 111111.. sam man sel', er stilken b· tyclclig kol'tel'e
end rachis. Stilken, som er rund og glat, er paa det smale tc lige
under rachis (2 111111. tyk) og tilta'r nedover Ii It fter lidt for tilslut
at ende i en aAang bulbus, som paa det tykke te er 3.5 mm.
Rachis er c. 2.5 111m. bred og tiv. Den dorsalc Aa It: er rlilld
og rigt forsynct me I polyper, 'om ordn r sig i 2dc r~kk I' paa hver
side af den dorsale midtlinie, ]l\'ori del' kun findes n enlcel rad woi-
der. T den ydre rad cr polyperne vel udviklede og store II1cd und-
tagelse at" clem, del' findes i rachis nederste parti. Dissc og den
indre rad pol)'per el' smaa og lidet udvikle Ie. I den neclerste d-I
af rachis mangler den indre ra I polyper; midtlinien hal' her en grun
fme. Polypernc sidder 'nart vexelvis, snart parvis, nag n lJestcmt
.) I.acazt:-J)uthiers: lIistoirt: l1aturelle e1u corail, tab. X fig. 47.
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~ruppering i tveerreekker som hos Funiculineee *) sees ikke. De "el
udviklede polyper og de rudiment<ere optr<eder afvexlende, saaledes
at d r mellem to par udviklede polyper, som regel er et par rudi-
menta:r. D n ventrale flade er n0gen. glat, rund. c. 1.5 mm. bred.
Pol Ypee II e n i den ydre rad er som sagt vel udviklet. sid·
dend , bred, cylinderformet, glat, 1.1 mm. h0i. Randen er for-
synet med 8 smaa, lidet fr~mtreedende teender. piklerne er talrige
j cellen, i eer findes de i stor meengde i teendernes ene side, medens
d n anden side somoftest er neesten spike1l0s (Tab. IX fig. 6). Spik-
I rne rager aldrig udover randen, de Jigger fordetmeste paalangs og
cr smale, spidse, 0.210 mm. lang.
Polyp n er uden spikier, omtrent af samme leengde som cellen,
r~traktil cylinderformet og forsynet med 8 svage leengderibber. Ten-
taklern er noget leengere end polypkroppen (c. 1.4 mm. I.), slanke,
forsyn de med 14 pinnuler paa hver side. Langs den aborale flade
l'r der en fortl0bende rad m d smal , spidse spinkler (0,070-0.112
mm. I.), som gaar fra t-ntaklernes basis til spidsen (Tab. VIII fig.
4). Polypcellerne i den indr rad ligner tykke, koniske knuder om-
trent 0.3 mm. h0i, ogsaa her har celleranden 8 smaa teender.
A x n er gul, rund, m get stiv paa grund af d ns store kalk-
rigdom, af amme leengde om polypstokken, den ender baade opad
og n dad i en pids, 0.5 mm. tyk. Dens mikroskopiske bygning er
aid Ie ns m d Protoptilums *). Axeepithelet er 8-11 f.L h0it,
ylind rformet, cellerne har runde kjeerner og har omtrent halv saa
stor br dde om h0ide. lIeindholdet er klart. Radieere udl0bere
fra ax sk -den hyalin bindeveev til eller ind i axen har jeg ikke
kunnet paavi Iv ved den steerk ste forst0rrelse.
so mae t , 'om r tyndt, r rigt paa spikIer af lignencle
form g t rrelse, om dem i cell n. 0 n n d r te del af tilken
l'r spar om t forsyn t m d spikl r. arcosomaet er deekket af et
(. 2 111111. h0it, 'nc II t cylind r pithel, hvis celler r meget male,
\" lI'rn cr tykk ·t der, hvor den lille, rund kj<erne ligger, og til-
spiel ~ n g >t In d end rn , kjeernen syne ikke at have nogen be·
st'lIlt pl,lds i ell n, II membranen er meget tynd (Tab. VIII fig.
3 b). Hist g h r m II m ekt d nne lIerne r d r nogle stor ,tykk
(" Ill-r (tig. S c), '0111 In get ofte rag r udover de andre celler. I
bunt! ~n af di S' eller ligger d 'n uforholdsmees ig lille kjeern ,cellemem·
branen cr Jillt tykk're og c 11 indholdet mere kornet og steerkere
.) K"Hiker: ADl\tomi ch sy tcmlltische Beschreibung de Alcyoosrieo [ Die
l'ennnlllli,len, s. 243 og 250.
•• ) Kolliker ibidem s. 370.
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lysbrydende end i de egentlige ektodermcellcr (Tab. fll fig. ; c).
Hvad disse cellers funktion er, hal' jeg ikke kunnct finde, muligens
er de slimceller, noget bestemt kan jeg dog som sagt ikkc sige.
Cellernes struktur traadte skarpest frem ved behandling med I °/0
osmiumsyre og derpaa farvning mcd ha:matox) lin (1,'~_1 t.ime os-
miumsyre, udvadskning, nogle timer t) nd ha:matoxylin, atfarvning,
alkoholbehandling etc., farvning in toto mcd h~matox)lin og der-
paa snitfarvning med eosin eller pikrinsyrc gav ogsaa meget smukke
resultater, pikrinsyren synes dog i tidens 10b at virke blegen Ie paa
ha:matoxylinen *).
Den ventrale og de to laterale hovedkanaler er lang trakte, medens
den dorsa Ie, som er den stlilrste cr rundagtig trckantet. Disse ka·
naler og sarkosomats 0vrige ~rna:ringskanaler er dcekkecl m d et
7-10 IJ. h0it encellet cylinderendothel.
Zooiderne et ordnede i tre rcekker, den indre ligg r i dorsal·
fladens micltlinie, her er del' en stor afstand mdlcm de enkelt zooi-
del', cia del' klln findes en enke] zooid for l1Vcrt par rudimentcere
polyper, zooiden siddel' altid paa polypernes ncdre side (Tab. IX
fig. 4). De to andr rcekker zooider findes paa den ydre side af
cle vel udviklede polyper, en rad paa hver side af rachis. Disse
zooider er ordnede i smaa rcekker paa 4 individer, om strcekker sig
i en bue mellem Iwert par af de store polyper (Tab. IX fig. 5).
Zooiderne viser sig som smaa runde, kun under lupcn ynlige VOl"
ter. Mavehulen hal' to tykke mesenterialfillamenter; den er skraat
stillet, langstrakt og gaar i cl n basale del lidt cftcr lidt over i ar·
cosomaets finere ernceringskanaler.
Hele 0fjceren er farvel0s. Funclct af prof. G. O. 'al's v d
\'aclso. 30-40 favnes dyb.
Da Stichoptil1l1l1 arcticlll11 klln hal' en l'a:kkc vel u Ivikledc pu-
'lypel' paa hver side af rachis og polypern ikke cr orclncde i di-
stincte tvcerrcekker har jeg efter KC11likers systematik **) hcnf0rt <.len
til familien Protoptilida:, hVC1l1 den ogsaa i anatomisk bygning staal'
ncel'mest.
*) K!lkenthal: Vereinfachung in <lcr F:irhetcchnik. Sil1.hcr. tler Jcn. Gesellseh.
f. Me(L u. Nalum. 1885, hefte 3 og Zoo1. Anzeig. 1886, s. 23.
U) Kolliker: Report on the Pennntuliclu:. ]{cport on the scientific Results
ou the Voyage of ]-I. M. S. Challenger during the Years 1873-76. 1',001. vol. I




SympodiUIYl hyalinum n. sp.
Tab. n. fig. 10--13, 1([ fig. 1-32.
The zoanthodeme without any trunk, incumbent. The basal
part abounding in spicules, especially double-spheres and spindles;
consists of an expanued membrane, which is not any thicked in the
parts enclosed by the groups of polyps. The polyps are about 1,5
mm. long, cylindrical, retractile and occur, as a rule, in groups. The
posterior part of the body is smooth, the anterior part sligthly grooved
longitudinally. The spicules usually in the form of spindles and clubs,
lie transversally in the posterior part, and longitudinally in the an-
terior part; in the tentacles they also lie transversally. In the ten-
tentacles the spicules extend to the extremity. The polypcells cy-
lindrical, retractile, entirely conceal th retracted polyp, slightly
grooved logitudinally. The great majority of spicules in the cell
ar broad nodulous spindles and clubs. Along the oesophagus four
series of spicules, two on the ventral and two on the dorsal side.
The entire polyp pellucid dirty creamcoloured.
Stenogorgia rosea n. Sp.
Tab. I, n fig. I-<}.
The trunk sparingly furnish·d with branches, smooth, round.
The I as xpandecl, adher nt. The polyps in single serie , on each
side of th trunk and the branche. The polyps cylindrical, short,
thi k, with eight 1 ngitudinal ribs. The a sophagus long, furnished
with three parallel r w f picules. The polypcells conical, little
prominent. Th spicul oS in the sarcosoma have the form of spindles,
('f sscs and quadruplets (» Vierling«), especially pindles and crosses,
anc! ill th ells e pe ially spindles and lubs, but also crosses and
quadruplets (» Vierling«); in the polyps al most exclusively spindles.
The ,L'Xi round, corn au , non·calcareous, nutbrown. The colour red.
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Danielssenia n. gen.
Corals of the genus of the Gorgonia, Kolliker. Th trunk without
branches. The base expanded adherent. The pol) ps in single series
on each side of the trunk. The polypcells low, broad, welled in
the basal part, partly embracing the stem. Axis corneou • non-
calcareous, smooth, round. The sarcosoma comparatively thick. The
oesophagus and the gastralfilaments of the polyp without spi ules,
the entire coral otherwise abounding in spicules, espe ially spindl s,
clubs and double-stars.
Danielaaenia irramoaa n. ap.
Tab. III fig. 33, IV, VI.
The spicules in the sarcosoma have, in general, th form of
long, pointed, nodulous spindles and straight clubs; in the polypcell
the spicules are principally pointed spindles and double-star ; the
posterior part of the polyp is furnished with double-sph re and
spindles; the anterior part of the polyp with long, pointed, urved
spindles and fusiform spicules with a smooth band abov th middle.
In the posterior part of the polyp the picules are dispersed in all
directions; between the posterior and anterior part ther i a tripe
of transversally placed spicules, in the anterior part th y lie length-
wise in eight rows, that pass over to the aboral surface of the ten-
tacles. The polyps are retractile, [,2 mOl. long; th ir post rior part
cylindrical, smooth, white, with white spicules. Th ant rior part
bell-shaped, grooved lengthwise. The tentacles white, shorter than
the polypbody, their aboral surface and the pinnula abound in white
spicules. The oesophagus short, without spicules. The colour of
the sarcusoma, polypcells and anterior part of the polyps r d, with
Iightred spicules. The axis nutbrown, 0,3 mill. broad.
Paramuricea elegans n. Sp.
Tah. V, V[[ fig. I-lB.
The trunk sparingly branched, rough. The arrangem nl of the
branches is like that of the Paramuricea borealis Verrill. The po-
lypcells, abound in spicules, are short, cylindrical, about as broad as
2*
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hey are high, furnished with a coronal fillet of long acute spicules,
which are the largest spicules in the cells. The polyps retractile,
cylindrical, smooth, about I mm. long; the tentacles about 0.5 mm.
long, thick. The coral abound in spicules, very aculeate and nodular.
In the sarcosoma the spicules have the form of pointed spindles,
most frequently curved. The cells are furnished with furcate spi-
cules, which are the most aculeate and nodulous of all the spicules
in the coral. With the exception of the coronal spicules the spi-
cules in the cell are smaller than those in the sarcosoma. The spi-
cules in the posterior part of the polyp are like those in the sarco-
soma. The largest spicules pertaining to the coral are situated in
the anterior part of the polyp, which is principally furnished with
long, curved spindles and straight clubs. The least nodulous and
aculeate spicules are those in the polyps. At some distance below
the tentacles there is a stripe of transversal spicules, from this stripe
to the base of the tentacles the spicules are situated lengthwise in
eight rows, otherwise the spicules are dispersed all over the polyp.
The aboral surface of the tentacles abound in transverse spicules,
from the base to the extremity. Axis round, non-calcareous, cor-
neous, 0,3 mm. thick in the branches, yellowish-brown in the trunk,
in the smaller branches more inclined to yellowish-white. The coral
white, pellucid. This species is allied to Paramuricea borealis Verrill.
Protoptilum tortum fi. Sp.
Tah. VI[ fig. 19, 20, Tab. VIll fig. 1-3.
mall. Ra his, longer than the stalk. The talk is, in the upper
nd, as broad as the rachis (2 mm. broad) and becomes produced
into a little oblong terminal bulb (4 mm. broad). In the dol' al side
of the stalk th re i , from the rachis to the middle of the stalk, a
single row of small pointed papillce. From the base the rachis is
inistrally twi ted. The polypcells on the flattish dorsal surface si-
tuated in slooping series, proceeding from side to side. In each
series there are 2-4 c II. Th ceUs are 2-3 mm. long, thick,
broad, cylindrical, the free margin is furnished with an extremely
minut papilla. The innerwall of the cell is, as usual, concreted
with the rachis. The polyps are cylindrical, retractile, without spicules,
mooth, about as long as the cell with very long tentacles, having
(5 pair of pinnula. In the me ial part of the aboral surface oftJle
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tentacles there is seen a thin single series of colourless needles, ex-
tending from the base and almost to the point. Between the po-
Iypcells the zooids are situated in groups, consisting of three indivi-
duals or singly, which latter case is the most frequent. The lateral
zooids without much regularity, but there are also seen loping s ries
of 3-4 zooids, proceeding from the dorsal to the ventral ide, or
groups of 3 zooids, in same manner as the zooids betwe n th po-
lyps. The zooids are small, oval, with a round oral apertur and
are not souronded by spicules. The ventral surfac round, bar,
].5 mm. broad, at each of its sides the zooids, previou Iy sp ken
of, are observed. The sarcosoma thick, sparingly furni h d with co-
lourless spicules, especially in the stalk, which has ery mall n edle .
The needles are most numerous in th cell. In the ells and ra hi'
they are 0.133 mm. long 0.018 mm. broad. In th t nta I the
needles are 0.020 mm. long 0.007 mm. broad. Axi round, horter
than the whole seepen, terminating below obtu ly, 0.15 mm. thick.
The seepen redishbrown.
Stichoptilum n. gen.
Seapens of the family of the Protoptilid::e, Kolliker. Th polyp
with cells sessile, disposed on each side of the ra his in two ingle
rows. The outer row with fullgrown polyps, the inner with rudi-
mentary polyps. The cell cylindrical with ight, little promin nt,
spines. The zooids mall, in three single rows, an inner row in the
dorsal midline, the outer rows, one on each lateral surfaces of rachis.
The rachis round, pointed straight at both nds. Calcareou cor-
puscles in the stalk, rachis, cells and the tentacles of the polyps.
Stichoptilum articum n. ap.
Tab. Vlll fig. 4. 5, Tab. IX.
Small, rachis much longer than the stalk. Th talk with a
small terminal bulb, narrowest in the upper end next to th rachis.
Rachis round, tiff, 2.5 mm. broad. The ventral side bar, smo tho
The fullgrown polypcells sessil , with eight little prominent spin s,
l.l mm. in length. The rudimentary polypcells sessile, like thick
conical nodes, 0.3 mm. in length. The fullgrown polyps without
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calcareous corpouscles, cylindrical, with eigth slender furrows, nearly
as long as the cells. The tentacles slender, longer than the polyps
(1.4 mm. long), with 14 pinnula on each side and an uninterrupted
row of calcareous needles (0.07()-{).1 12 mm. long), extending from
the base to the upper extremity. A pair of rudimentary polyps
between each pair of developed polyps. The zooids are round, and
only to be seen with the microscope. In the inner row of zooids
there is a single zooid between each pair of undeveloped polyps.
The two other rows of zooids on the outer side of the developed
polyps, are placed in curves and consist of 4 individuals between
the polyps. The calcareous corpuscles are very numerous in the
stalk, rachis and cells, especially so in the cells and their spines;
they are least numerous in the lower end of the stalk. They consist
of long pointed- needles (0.210 mm. long). The whole seapen is
colourless, the axis yellow, throughout the wahle pen, 0.5 mm. broad,























Stenogorgia ro ea, fee tet til Anomia anomala, noget
forst0rret.
Kors fra c0nenchymet ydre Jag.
Spindler i C0n nchym t.
K0l1er fra c0nenchym t.





pindler fra polypkrop og tentakler.
Kors fra samme.
K011e fra polypkrop.
En polyp med spikier, aabnet efter leengden, for t0rr t.
Spikier fra sveelg t.
pikel med glat baand paa midten fra veelget.
Kors fra sveelget.
Timeglasformet spikel fra samme.
Tab. II.
Liden gren af t nogorgia rosea, naturlig st0rre1se.
Polyp med celie af samme forst0rret.
Tversnit af en gren af Stenogorgia rosea, snittet r
taget der, hvor n ny gren dann s; a c0nenchym
med erneeringskanaler og bindevrevsceller, b axeepj·
thelet, c hovedgrenens hornaxe, e idegren ns c n-
tralstreeng, f sidegrenens hornaxe. Z iss D . Oc. II.
Firlinger, kors og dobbeltstjern r fra cellen af teno-
gorg. rosea.
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Fig. 10. Sympodium hyalinum, som har omspundet en C1ador-
hiza. Naturlig st0rrelse.
II. Polyp med celie af Sympodium hyalinum, forst0rret.
" 12. Sv~lget med dets spikier, forst0rret.























K011eformede spikIer fra tentaklerne.




Firkantet spikel fra cellefl.
Forsk. spikier fra cellen.
pikler fra basalen.
Forkrop med tentakler og spikier af Danielssenia irra-
mosa, forst0rret.
Tab. IV.
Knudret spindel fra c0nenchymet hos Danielssenia irra-
mosa.
» 2. 3· R.ette K011er fra sammc.
» 4· ·pindel.
» 5· Krum kellle.
» 6. Dobbelt kllgle.
» 7· Kor .
» 8, 9. 'pindl r fra c0nenchymet.
» 1 Dobb Itstjem fra cellen.
12.
,
pindler fra samm .:t I 1 ,
» J 3. KellIe.
» 14. 15· Kors.
» 1 Ur gelm~ sig firkantet spike!.
» 1;- . ~~ernc fra cell n.
, 1(' , 19· Dobbeltkllgler fra polypens basaldel.

































I'aramuricea elegan , nog t forst0rret.
En polyp af Paramllric a elegan , forst0rret.
Tentakel med spikIer af sammet st<erker for t01T t.
H0iede spindler fra c0nenchymet.
Lange, rette spindler.
St<erkt knudret og tomet k011e fra c0nenchymet.
Spindel med baand paa midten.
B0iet firling.
Tab. VI.
Fig. I. Danielssenia irramo a, noget for t0rret.
2. En del af samme, se t fra dorsalsiden, forst0rr t.
3· Samme seet fra ventralsiden, forst0rr t.
» 4, ). Store spindler fra tentaklerne.
6, 7· Spindelformige spikIer med et glat baand paa midten
(ra tentakler og pinnuler.








Lange, b0ied spindl I' fra polypkroppens 0vre parti
110s Paramllricea elegans.
Rette k011er fra sam me.
Krllm k0l1e.
Ret tornet pinel I.
Trillinger fra cell en.


















Spindler med tornede fortsatser fra cellen hos Para-
muricea elegans.
Et stykke af Protoptilum tortum, seet fra dorsalsiden,
Et stykke af Protoptilum tortum, seet fra siden, for-
st0rret.
Tab. VIII.
Protoptilum tortum seet fra dorsalsiden, naturlig stl2lrrelse.
Samme seet fra ventralsiden.
Det 0vre parti af polypen med tentaklerne og deres spikler,
af Protoptilum tortum forstl2lrret.
Forkrop med tentakler og deres spikier hos Stichoptilum
arcticum, forstl2lrret.
Tvcersnit af ektodermen hos Stichoptilum arcticum; a hya-
lint bindevcev med ernceringskanaler, b ektodermceller, c
store cylinderformede celler i ektodermet. Zeiss F. Oc. r
Cam. Juc.
Tab. IX.
Stichoptilum articum, noget formindsket.
Et stykke af samme, seet fra ventralsiden.
Samme stcerkere forstl2lrret.
Et stykke af Stichoptilum seet fra dorsalsiden, forst0rret.
amme seet fra laboralsiden.
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The Structure and Combination
of the
Histological Elemen ts
of the Central Nervous System.
By
Fridtjof Nansen,
CUr&\.Or or Bergen'. Mn 6um.
of th hi tology of
o w 11 by pr iou
a r p tition of th ir
Introduction.
I. History.
The progressive history of our knm ledg
the nervous syst m is tr ated of 0 oft n, and
writers that it certainly, to scm xt nt, entail
words to refer to it again.
Still, it is a tradition to Jook back upon th work and
merits of our predeces ors b for passing to our own worl, and
I do not think it right, to break with th cu t m, but "ill
how ver, confin mys If as much as po ibl to m ntioning th mo t
important writers of mod rn times on till ubj ct, and for arli r
literatur on the subject refer my r ad r to th many k t h .
given by pr vious writ rs. I) As it i p cially th n r ou y t m
of the everteb'l'ates which is about to b tr at d of h r , I will r tri t
myself, principally, to th literature on that ubj t, 11 th mol',
as in a parat m moir n th n rvou yst m of My ine glutino a
I hope to obtain an opportunity of r fi rring to th - lit r tur in r -
spect of the histology of the ve'rtebrate n rvolls syst m mor ir um-
stantially.
1) Th literature on the nerV(,\Us ystem f the e ertebrates i v ry circum-
tantially treated of by ignal. His report are, however, not in every point quite
correct. Very good reviews of the literature are given 1882 by Freud, 1879 hy
Hans Schultze, 1875 by Hermann and 1872 by S lbrig. f course, a great many
ther writers have al 0 mentioned the previou literature more or Ie circum-
stantially. The previou Iiteratur on the histology of the nervous y tern f th
vertebrates is referred to in Prof. Golgis last work on this suhject. Han. chultzc
has given a very good review of the literature so far as it concerns the fibrillou
structure of the nervous elements. Be ides thi there i in Kuhnt' paper a very
complete review of the literature up to his time.
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a) The st;oucture of the n-=rve-tubes. J )
The structure of the nerve-tubes: whether it is fibrillous or
non-fibrillous, has been very much disputed, and to this day Ithe
point must be considered as an open question. Since the valuable
and important works of REMAK, there have, certainly, always been
plenty of writers to defend the fibrillous structure. Amongst these
may b nam d HAN OVER,2) WILL, LEBERT and ROBI , WALTER,
W ALDEYER, LEYDIG (only to a certain extent), BOLL, FLEMMING,
HERMA ,DIETL, HA S ScHULTZE, FREUD, VIG AL etc. Especially
hav HERMA ,HA S SCHULTZE and FREUD expressed themselves
very emphatically and distinctly in favour of the fibrillous structure.
According to their view the contents of the nerve-tubes consist in
»Primitivfibrillen« suspended or swimming in an homogeneous semi-
fluid "Int rfibrillarsubstanz«.
At the same time, however, there have also been others who
described and ass rted a semi-fluid (fest-weiche) content, and a
homog neou structure of the nerve-tubes in the fresh live state
(or, also, a granulous structure). Amongst th05 ar HELMHOLTZ, 3)
HiE KEL,4) FAIVRE, 5) OWSJANNIKOW,6) BUCHHOLZ, LEMOI E, SOL-
1) [ prefer the designation nerve-tube to that of nerve-fibre, because I think
it more characteristic.
2) Hnnnover states, that the nervou tubes of the Mollu ca are longitudinally
triated, whilst those of A tacu8 have a granular, nebulous ubstance in a mem
hranous heath.
B) Helmholtz described the nervous tube as »zarlhiintige Cylinder mit Russi-
gen [nha.ltl:.
) According to Hreckel the nervous fibres (»Primitivrohre) have the form of
tube. »Die Wand der Primitivrohre oder die ervenprimitivscheide i t an den
[einero ylind Tn einfach, nn den tihkeren doppelt, immer aber sharf llnd dunkel
c nt urirt, da ie sehr deuthlich au clem umhullenden matten Bin<legeweb~
herv r chimmc:rt... Die Inhalt der ervenprimitivrohre i t wie schon Helmholtz
rknoote ein dicke FlU sigkeit, welche .... fri h .... vollkommen homogen, wasser-
klnr, lin \ leicht gl:inzend er cheint... Ha-:ckel has, however, al 0 found Remak's
"C otrale Fa erbtindel .. and agree with him, thnt it might be possible that such a
on occur in n1l nerv u tube.
~) ccording to Faivre the coo tent of the nervoll tube are graDulous. »Une
tube lIe :nog lle e c mp de deux partie : I'enveloppe et Ie conlenu. L'enve-
lopp t nohi le, nn lructure appr~ciable, an noyaux, - Ie contenu des tu-
be t forme par un ub lance fin ment granuleu e el d'une con istnnce molle,
meme n. l'etat frai .1: n ler high power of magnification thi ubstnDce is seen to
on i t f ery minutt> gmnule »agglutine par tine orte de sub lance intermediaire
11m rph ...
6) W jannik W SllPPO e the fibrillou appearilnce of the tubes to be 11
I tmort m product, and he d e not believe, lhnt »Ie tuyauxl: described by. tilling
(in th nerv u fibre of vertebrate) really exi t in living nervou fibres.
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BRIG I) Y G, I~RIEGER, and la:ely such an min
LEYDIG. In hi work »Z 11 und Gew be< (Bonn I
histologist appears to hay hana d hi vi \' of th
nervous elements, at all \l nt to som xt nt. 2) H.
HERMA r and tho e oth r d ~ nd r of th fibrillou
he says, altogeth r wrong. »B i Auloco tomum
Anwendung der gewohnlich n Lim; n
druck einer kornig str ifig n Mat ri .
gross rungen la sen ab r find n, da
zugen ein chv. ammig n G rii t h
di Knot npunkte in s ~ in r n Zwi h nn tz
Haupt- und Lana zuge de~ a h nw rk rll~ n di
»Fibrill n<3) h r or, ab r ZW' h ndur h zi ht
geftig , in d n Raum n di h mog n, ig ntli h
nthalt nit.«
HA SCH LTZE' »Primiti\ fibrill n
to LEYDIG, only part of, or Ion itudinal fibr
spongy supporting ubstanc whi h h call
SCHULTZE' »InterfibriIlar ubstanz«, accordjn
nervous sub tan diffu d in th a iti
reticulation; h call it "hyaloplas'm".
I think thi nough to h
now, for 40-50 ) ar b n going on, r
fibrillou tructure of th n rv -tub i
I) Buchh b.. de cribes the c~llproce e and n rv u fibre a riband f 1\
homogeneou sub t:mce without any heath; they are t b con id r d n -onckt
Axencylinder«. - olbrig , de cription i very like that I Buchh lz: - Ilen r·
venfasern d~r von mir untersuchten a teropoden fehlt eine -. chwann' ch . cheidc«,
und ie ercheinel1 als hiillenlose Axenfa ern mit scharf begrenztem Rand .« ...
-Die ervenfasern der Mollu ken be teben au einer fe tweichen, ltl ti chen, h -
mogenen Masse von chwach glanzendem Au ehen, die in all ihren Eigen chart n
mit jener eiweisartigen grundsuh tanz, aus der sich die Gnnglienzellen aufbnu n,
iiberein timmt.« ......Durch die Annnhm (Ier ~ ichtexi t n:I'. einer :chwann' chen
Scheide mu natiirlich auch die altere An icht, dn der Inhalt d r ev>nfa TIl
aus einer flli igen Mas e bestehe, fall n. Denn eine flil sig Suh lanz hn um-
hullcnde Membran i t gerndezu undenkbar.« The nerve-fibre have al fiC ording
to olbrig a Rat f rm (.. die Form \' n Bandero der wenigl n von plattg drU kt n
ylindern cr .)
'I) Thi w rk 1 have already mentioned un an earlier occa ions, vid ~: Bidrn~
til Myzo tomernes An at. og Hist. p. 32 .
lJ) Hermaoo' aod H.• chultze' • Fibrillen cr •
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b) The structure of Lhe gangUon oo:1s.
Regarding the structure of the ganglion cells there has been
the same disagreement.
A great many writers describe a fibrillous structure, whilst othel
stick to a homogeneous protoplasm.
Amongst the adherents of a fibrillous structure REMAK comes,
also here, first. He describes a concentric striation in the proto-
plasm occasioned by granular fibres circulating round the nucleus.
These fibres do not, however, enter into the processes.
WILL anti especially WALTER have also described a fibrillous
structure. LEYDIG has in Gasteropodes described a concentric fibril-
lous structure of the protoplasm of the ganglion cells and a stria-
tion of the processes ([ 865, vide: list of literature. Taf. XIX fig. 3,
Ganglienkugeln des Unterhirns von Helix "'ortemis).
Furth r, ScHWALBE can also be named as an adherent of the
fibrillous structur .
BUCHHOLZ supposes the protoplasm of the ganglion cells to
onsist of two substances, of which the one can, by squeezing,
easily b exuded in form of hyaline pearls.
This hyaline »Grundsubstanz«, »in welcher gleichmassig suspen-
dirt in and rer, in Form feiner PUnktchen erscheinender Karper er-
scheint«, is »in allen ihr n phy ikalischcn und chemischen Eigen-
schaft n auf c1as Vollkommenste Ubereinstimmend mit derjenigen.
wei he die Zellenfortsatze bildet, sowie auch ... mit derjenigen,
wei he fibrillar ang ordnet den Inhalt der peripherischcn Nerven-
stamm bilclet.« I)
1) [t is really astonishing that so conscientious a writer, as lIans Schultze
seems to be, can so seriously misunderstand another author, as he has done, when
he ays thut Buchholz describes 'an der G,lnglienzellen zwei ubstanzen, von denen
die cine leicht tlnrch Druck in Form hyaline Tropfen auspre bar, die zurtick-
LJlcib 'ndc, k'rnige ins c nbcr durc!lllus gleichwerthig der fibrillar geordneten In-
halt m seder crvcnstiimme er chien.< As will be seen, that is quite the con-
trnry of what Buchholz, ha reall)', said. That and similar misunderstandings
r 'garding Buchholz scem, also, to have descended to other writers. In the quite
reccntly publishe,1 papcr by Rawitz we find a similar confusion. This writer com:
pare ,Bu 'hho17:s hyaline Grund ub tanze' with the reticular ubstllnce described
h)' him elf; n mistllke which certllinly ought to have been ,'cry difficult if Rllwitz hlld
look d a little more carefully at the descri[>lion of .der in feinen Ptinktchen er-
s 'hcincuden :';ubstnnz ... in dcr h)'lllincn Grund mas e gleichmiissig vertheilt < givcn
I'y Iluchholt in his cxccllent paper (p. 252). [n reference to the report of Buchholz'
pnpcr siven by ViUllal, thcre is, Indeed. little else to say, than that it is thoroughly
mi leading.
- 33-
BoLL (186g) says: »Die Ganglienzellcn der MolllIsJ..eH bt'st~hen
ebenso wie bei den vVirbelthieren aus zahlreicht:'n in Lien n-rs hie-
densten Richtungen verlaufenden au erst feinen Fibrillen und aus
komiger interfibrill~rer 'ubstanz. Eine be-ondere Membran fehlt«
(1. c. 186g p. 19. »Die Nervenfasern, die Fortsatze der G. nglicn-
zelle gehen stets aus der 'ubstanz der'ielben hen'or in der Art, da::
die Fibrillen an den Abgang tellen der Fortsatze t'ille be tinunte
parall 1 Richtung annehmen und ich zu mehr tier minder feint.:n
.'trangen zus.lmmenlegend on dem Zellenk"rper abtrett-n.'«
DIETL (18n) describe a concentri triation of the cdl·pr to·
plasm, in preparation treated with osmi acid. Thi' triati n he sup-
poses, however, also to exi t in the live- tate. The striati n ir ulate
round the nucleus and can always be traced directly into the pro-
ees 'es of the ganglion cell. In the brain of Telh,'1s fimbria he des-
cribes ganglion cells containing a peculiar »protoplasmatische Halk n·
netz, das die Verbindung des Zellkorpers und dl:s Fort 'all-t's Vl'r-
mittelt« (I. c. 1878 p. 524).
CADIAT (187 ') doe' not, exa tly, tell whether he 'upposcs the
ganglion cell of the Crustaceans to ha e a Ii rillar tru ture in the
live-state; their protopla m i , however, in hi opinion, quitl' idcnti al
with the content of the n rve-tube', and in the latter he has
occa ionally obsen'ed fibrilla:. He further tates that, n appli ati n
f nitric acid he has seen a triation in th nerve-tu I:S and »la 111 me
striation e voit ur le- cellule t leurs prolongt.:1ll nt' iml11cdiat ,C
The author who has mo t di tinctly declared hims 'If for a
fibrillar tructure, and who, in my opinion, ha, made tht: I, cst and
mo t convincing inve tigation on this ubject i HAN. II LTZE
(i 79). He ha defined the point in debate, and ha n ('ntrated
hi investigations upon it, but neither has he been quit, sue e sful.
According to the result of his inv tigation, th prot pia 111
in the ganglion cells, as well a in their proce e and th n 'rv -
tube, consists of "Primitivfibrillen« and »Tnt rfibrillar-Substanz«;
everyone of the fibrilla: is surround d by interfibrillar substan <',
they must, con equently, in a manner, swim in it. .If that,
however, is correct, why then ha' Schultz , as w II as vl.'ryonc
else, ucc eded 0 badly in is Jating the" fr ely swiml11in~ fibrilla:?
why can we only obtain a ort of isolati n of th m in the 'x-
tremities of tcased proc sses or tube, and not in thc cll·pr toplasm
it elO
To this question Schultze has givcn no reply, nor has any-
body cis, 0 far as I know.
3
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FRECI>'S description (1881) of the structure of the cell-processes
is very similar to that of H. ScHCLTZE. The cell-protoplasm has
however, according to his opinion, another structure, it consists of a
reticular substance and a homogeneous one. He says I. c. 1881 p. 31:
~ Die i\ervenzellen im Gehirn und in der Bauchganglienkette bestehen
aus zwei Substanzen von denen die eine, netzformig angeordnete,
sich in die Fibrillen der ~ervenfasern, die andere, homogene in die
Zwischensubstanz derselben fortsetzt.«
KOESTLER (/883) describes the ganglion cells of the frontal
ganglion etc. of Periplaneta orientalis, as having no membranes: »sie
sind nie mit einer Hulle versehen und erscheinen als membranlose,
weiche Ballen.« Upon treating the ganglion cells with vapour of
osmic acid, and examining them under high powers of the microscope,
he has been able to observe »eine koncentrische Lagerung des kor·
nigen Proloplasmas«, >und zwar so, dass das Protoplasma in Schich-
ten georclnet erschien, die rosettenformig c1en Kern umgeben« (I. c.
p. 585). Of the origin and structure of the processes he says I. c.
p. 586: »Eigenlhumlich erscheint das Verhalten des kbrnigen Proto-
plasmas an c1er Ursprungsstelle der Nervenfasern, \'Vahrend sich
di e granulare Zellsuustanz sonst in Schichten koncentrisch um den
Kern lagert und der Zellf' ein rosettenformiges Aussehen n'rleiht,
gehen die ausserslen Ringe am Ursprunge der l\'ervenfasern, ihre
koncentrische Schichtung verlassend, in tliese uber. Es ist also
di s r Fortsatz nur als ein Fortsetzung des Zellinhaltes aufzufassen,
d r sogar Anfangs noch etwas kbrnig, spater erst in die fein ten
Fibrill n zerlegbar erscheint.«
VEJDO\·. K\' (/884) ha' not succeeded in observing a fibrillar
tru tur in the protoplasm of the ganglion cells of the Oligocluztes;
»nur di' au den Zellen au'tretenden Stiele zeigen ein deutliche
Zusammcns'lzung aus d 'n fein ten Nervenfibrillen« (I. c. p, <)0). On
all tlll'r or asion hl: ays. howe\'er, of the ganglion cell that» b reits
~dl rc F rs her eine fibrillare All lrdnung der Plasmaelemel1te icher-
g~stl'lIt hah 11« (I. c. p. 9/.)
i\ l1longsl tho e who c10 110t believe ';11 a fibl"illar structure the'
foil wing authors rnay, here, be flamed I):
I) When ~peAkin~ or the gnnglion cell~ Fail:l'c sn)'s .rem'eloppe est olide
t con Unnte: Ie contenu grnnuleux, scmi·fluide,' Halckel SAyS or the gnnglion
cell or A tncus: •Jede \'on ihnen tellt eine mehr oder weniger rundliche, nn-
~ ·hnlkhe 1I1nse dIU, deren zarte Zellmembrnn, oft \'on einer dichten Bindegewebs-
kllp el eingeschlo sen "ine trUbe k "mige FIlls iekeit euthalt in der ein sehr grosser
mit cineOl Kernkorl'erchen \'er ehener Kern schwimmt.. Waldeytr denies the
existence or the triation or the cell-protoplasm described by WaltN'. BllCh/aob
is Illready mentione,l :tbo\·e.
Ow JAK\'lKO\Y describes the ganglion cells of the lobster (I. c.
1861 p. 139) as having un contenu assez liquide« in which he has
observed fib ril1<e, »qui semblent penetrer dans Ie milieu de la cellule.c
The ganglion cells of the Mollusca he describes as having a semi·
fluid protoplasm VV'hich »erst nach dem Tode fest wird« (I. c. 1870
p. 681). Here, he mentions no fibril1<e.
(HERON (1866) describes (in Cephalopoda,) apolar, uni-, bi· and
multipolar ganglion cells ha\'ing granular or homogeneou ontents.
In the »ganglions de bras« he describes, for instance: »d s cellule
unipolaires a contenu granuleux, et de cellules bipolair s ou tri-
polaires a contenu liquide sans granules.«
(LAPAREDE says (I. c. 1869 p. 593): »Die Zellenkorpcr be t h n
aus einem kornigen Protoplasma ohne erkennba.re Membran.«
SOLBRIG'S opinion (1872) was that, the concentric fibrillar appear·
ance was a postmortem one and was, partly, artifi ially produc d
by folding of the cell-surface etc. According to his view, the proto-
plasm of the cells, a well as of the proce' es, is a homogeneous
or granular »fest-weiche« substance. A great many other writers
are, also, of the same opinion.
STIEDA (1874) says in his d scription of th Cephalopoda, that
the protoplasm of the ganalion cells have, in fre h stat , an extr mel)'
minute granular appearance; »an den Zellen d r Schnittpraparate Iii st
sich eille homogene Grundsubstanz erkennen, in wei her aus. er t
feine Kornchen eingestreut sind.« The processes have the same
appearance (I. c. 1874 p. 92).
Even HERMANN (1875) is no adherent of a fibrillar structure of
the cell-protopla m; in his opinion it is rather granulou or homo-
geneous. l )
Yu G (1878) describes the protoplasm of the ganglion cell as
being fluid, and homogeneous or granular.
BELLONel ([878) describes the protoplasm of the large
ganglion cells of Sguilla, as having »till aspetto finamente
I) According to Hermann the protoplasm of the cells consists of two sub·
stances: -Die eine umfasst weitans seinen gross ten Theil. erscheint gleichmiissig
homogen, oder in einigen Fiillen feingekornt, nimmt libemil die i(usseren Schichten
des Zellkorpers ein, gibt ihm seine Gestalt, und bildet allein den Fortsat: .• ....
-Die andere Substanz erscheint als nus gri:ibcren Kornern bestehen<l und ist
in ungleich grossen Massen urn den Kern herum ge1:agert. (I. c. 1875 p. 30).
The processes of the cells h3\'e, consequently, in Hermanns piuion n homogeneous
structure.
granoso«. I) Of the peripheral cell-process he says: that it ~ non
presenta alcuna particolarita strutturale«; in Tav. IX, fig. 3 (I. c.
1878) he illustrates a ganglion cell with a peripheral process (»pro-
lungamento periferico«) exhibiting a distinct longitudinal striation
which he does not, however, mention in the text so far as I have
seen. Some large fibres, he says, have a fibrillar appearance.
NEWTON (1879) designates the cell-protoplasm ac; being granular;
he says that »the granular cell contents may be seen in some in-
stanc , extending into the fibres« (i. e. the cell-processes).
KRIEGER (1880) describes a granular cell-protoplasm and a
homogeneous process.
VIGNAL (1883) seems to have taken up no distinct position regard-
ing the fibrillar or non·fibrillar structure of the ganglion cells. About
that of the Mollusca he says: .Elles sont formees d'un globe
ganglionnaire a la surface et dans J'interieur duquel se trouvent de
fines fibrilles qui forment le ou les prolongements de la cellule; entre
les fibrilles se trouvent de tines granulations graisseuses, queIque--
fois diversement coJort~es (I. c. p. 342). Regarding the ganglion
cells of the Hirudinea he reports in somewhat similar terms. »Elles
sont formees d'un globe ganglionaire a la surface duquel se trouve
un noyau; il est recollvert par de fines fib rilles qui en constituent Ie
prolongem nt« (I. c. p. 372).
Regarding the ganglion cells ef the Orustaceans and Oligoch(Btes
he seems, however, to be of quite another opinion. About those of
the Crustacean he says e. g.: .elles sont formees presque toutes par
') Of the large ganglion cells he say (I. c. 1878 p. 523): .Esse posseggono
uoa sottile parete e sono circonelate da un invoglio (Ii tessuto conneltivo nucl~ato.
11 contenuto ha un aspelto finarnente grano 0, rna al polo del pTOlungarnento peri-
ferico i granuli sono piu filii e formano un cono distinto, la cui base e la com-
spondente parete del tlucleo e il cui vertice e I'origine del cilinelro assile.. In the
small ganglion cells he even bdieves to have seen .il cilindro assile. penetrate into
the nucleus and terminatc .in uno spazio chiaro e rotondo che si trova nel centro
eli lJuesto.. To this apparcnt connection of the peripheral process or, as 1 ;all it,
nervous proce s, with the nucleus, Bellonci ascribes great importance, it shuws, in
his opinion, lhat lhe nervous impression .si propaga al centro della cellula e pro-
priamellle al nucleo, il quale nella cellula nervosa, come in tuttt' Ie altre, e il vero
centro dell'a1livitn vitale.' We will relnro 10 this subject, Rnd to my view of it,
al the conclusion of the present paper. Of great interest is, that l:Iellonci expreSSly
nccenlllaies Ihnl ench gallglion cell has ollly olle real nervous proces (.cilindro-
nssile.) .destinatu a formare nn e1emenlo del nervo, tutti gli allri non sono che
prolungamenli deslinali all nnire fra di 10ro le cellule eli una stes a massa cdlulare. c
In the latter lntement I do nol, however, agree wilh him (vide sequel).
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une substance visqueuse, epaisse, granuleuse et trc~ malleable. I.
About the Oligoch~tes he says: ,. Les cellules nen'euses .... sont
formees par une substance demi-liquide visqueu ,excessivement mal·
leable, peu granuleuse. Elles contiennent un no) au refringent ho·
mogene et granulations graisseuses ituees a on voisinaae.«.
If we look through the mod rn literature having reference to
the invertebrate nervous system, and compare the many difrerent
views of the structure of the ganglion cell, w meet with a con-
fusion on the subject which is far from encouraging. om writ rs
distinguish between granulous cells and homogeneoll ones, other
writers believe in a concentric striation, or ven a longitudinal
striation (ROHDE). I)
Some writers distinguish between ganglion cell with a proce"
originating in the nucleolus (..Kernkorperfortsatze«), or nu I liS and
cells with a process originating in the protoplasm (,. Protopla mafort-
satze«). Others, e. g. HALLER, describe cell having both kind
of processes. A great many writers however deny, or doubt, anyexis-
tence of processes originating in nucleoli or nuclei, etc. etc. All th
distinctions and differences of opinion exist, although w rtainly
must feel inclined, a priori, to suppose that there must be uniformity,
to some extent, through the whole animal kingdom in this r p ct,
and that the differences must have ari n in the development of less
complicated structures to mor complicated one
1) In E. Rollde's paper on the Nematodes (1885) we meet with a descrip-
ti"n of the structure of the ganglion cells which is of a somewhat peculiar kind.
The writer describes ganglion cells havinl: different mocles of striation, a radiate
striation, a concentric one, lmd a longitudinal one (I. c. p. 16-q; fig. 14-34.)
As I have not examined the nervous system of the Nematodes I can not, of
course, deny the correctness of this statement; if I may judge:. however, from the
results of my investigations on other animals, I feel inclined to believe that these
description arc caused, at all events partly, by optical illusion.
It may here, also, be mentioned that Yung (1878) describes a longitudinal
striation of the protoplasm of the ganglion cells of AI/tacus as being a post·
mortem appearance proclueed by the influence of acids (picric or nitric acid -
I. c. 1878. p. 424-425). In the fresh state he describes the cells as having -Ull
contenu liquide ahsolument identiques it celui des tubes nerveux 11 l'etat frais .•
The American cientist Packa1'd gives a very trange descriptioll of the
ganglion cells of A ellus (1884), he says thai they .have not, as in the brain of
the lobster, a simple nucleus and nucleolus, but they usually have numerou, from
10 to 20, nuclei, the nucleolus of each nucleus readily receiving a stain and forming
a distinct dark mass.' How this description is to be explained I certainly can not
tell; he does not mention the structure of the cell-protoplasm.
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The latest important contribution to the literature on this sub-
ject is, so far as I know, to be found in LEYDIG's »Zelle und Ge-
webe«. According to Leydig's description. the contents of the cells
consist, also. of the same two substances spongioplasm and hyalo-
plasm, which are mentioned in respect of the nerve-tubes. As in
the nerve·tubes the striation - the concentric one in the gang-
lion cells, and the longitudinal one in their processes - is a rather
apparent one. occasioned by )Hauptzi.igec: in the otherwise reticular
spongy spongioplasm, through which the hyaloplasm is diffused. On
a previous occasion he has expressed himself in somewhat similar
terms (vide I. c. [883, p. 56).
In my memoir on the Myzostoma ([885 p. 30-3[ & p. 74) I
describe the protoplasm of the ganglion cells in a somewhat similar
way. It consists of the same two substances: spongioplasm and
hyaloplasm; the spongioplasm I am. however, »inclined to regard.
more. as isolating the hyaloplasm into fibres, than Leydig appears
to be.« »The spongioplasm extends. also, into the cell-processes
and th re, I believe. partly isolates the hyaloplasm into small tubes.«
This is, as will be seen, a description very similar to that of Freud.
but our opinions regarding the nature of the two substances are
quite oppo ed to each other.
In FRANZ VO WAGNER'S work on the nervous ystem of Myzo-
stoma (which appeared at about the same time as my own paper) the
author describes the ganglion cells as having a granular protoplasm
or also a homogeneou one.
That is. generally speaking, our present state of knowledge
regarding th structme of the invertebrate ganglion cells. As will
be seen. there are, still. almost as many,views as there are writers. 1)
c) The structure of Leydig's dotted substance.
We have mentioned in the foregoing. the history of the nerve-
tub s and the ganglion c lis of the invertebrates; but there yet
remains the mo t difficult point in debate. viz. the combination of
the ganglion cells \ ith each other and with th nerve-tubes. and
the real structure of the interposing mas, LEYDIG'S )Punktsubstanzc:.
1~ In the present review of the literature my attention has been especially directed
to the statements regarding the structure of the protoplasm of the ganglion cells,
as I take this to be the most important point for my present researches. As to
the various statements regarding the existence or non-existence of a cell-membrane
etc. and regarding the structure of the nucleus etc. I lViii, if necessary, refer to
them <luring the description of my own investigation .
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Regarding the combination of the ganglion cells with th
nerve-tubes, there are two various opinions which hav D especially
been prevalent. According to a great many writt'rs, there is an
immediate combination of the cells with the tubes, these being di-
rect continuations of processes from the cells. Another opinion is
that, there does not exist any immediate combination between tubes
and cells but that the tubes have an indirect origin, i. e., in a fibrillar
mass.
The opinion of some authors is, that both modes of origin are
present.
A direct origin of the nerve-tubes in ganglion cell' has long
ago been maintained by HEUfHOLTZ.
Amongst the later adherents of this 0p1l110n the following may
be named: HA~NOVER,W1LL, BRUCH, WE])L, FAIVRE, OWSJANNlKOW,l)
BUCHHOLZ, CHERON, BRA~DT.2) STIEDA. BERr.ER, \\ NC, CLAUS,
LA~C, SPENCEL, MICHELS, FREUD. KOESTLER, ROHDE, POIRIER.
WALTER, SOLBRIG, BELLO. CI, BOI-BEG, HALLER and NAN. EN 3) hav'
I) Ow~jannikow states (1881) that in the Cn'8taculIIS the nerve-tuhes
arise directly from ganglion cells. The large lungitudinal nerve-tubes arc formed
by the union of several processes from various cells; and they • forment un systeme
particu:ier, etablissant la relation entre les cellules des no)'aux lIe la chaine gang-
lionnaire et les cellules du cerveau' (I. c. 1861, I. 136). Of the combination of
cells, situated oposite to each other, he s""ys: .Les cel1ules nerveuse ,I'nn c6t{: sont
partollt nnies aux cellules de l':lI\tre par des commissnres.. The nerve-tnbes of the
11folluscs Owsjannikow also describes (1870), as arising direclly from gangliun cclls.
In most tubes he has, however, ohserved a division into two branches, Lhe one of
which passes into a peripheric nerve, whilst the other one passes 'zn der ent-
gegengesetzten Hii:fte (Ies Nervenknotens«, .E Hisst sich aber auch ferner nach-
weisen, dass einzelne C:angliengruppen auf ehendieselbe Weise mit cinandcr vcr-
lmnden sind.« Of interest is, that Owsjannikow (like I3l1chhol,.) 'an mnnchen
primitiven Nervenfasern auch solche l\ebeniistchen cntdcckl habc, die sich fast
plOlzlich in eine sehr grosse Anzahl hochs! feiner ASlchen dritlcn lind vierten
Ranges theilten und endlich so fein vl1f1len, das sit' der sliirkslen Vcrgrosserung
entgingen.. .Diese A tchen« he upposes to he similar to Deiter's protoplasmic
processes, in which supposition 1 do not, however, agree with him. It may also
be mentioned that Owsjannikow, like Walter, describes .multipolarc Nervenzellen«
situated -an manchen primitiven Nervenasten«. These cells are, however, in my
opinion, not ganglion cells hut neuroglia-cells.
1) Brandt (1870) designates the .l'unktsubsLanz' or • Medu lIarsubstanz' in the
ganglia of Lepas anatifera as consististing of feinen Kornehcn. Its function or
importance he does not, however, mention. The nerve-fibres (.welche den Achsen-
cylindern der markhaltigen Nervenfasern d"r Wirbelthierc und einiger Wirh"lIosen
entsprechen«) are direct continuations of the proce8ses of the !/anglion cell/l.
') Lately, a paper by Ra,witz has appeared, where views are expressed very
like those of Haller. This paper will he referred to at the ~onclusion of the pre·
sent chapter.
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described a direct ongm of the tubes in cells, but at the same time
have also described an indirect origin as being present, W ALTER,
SOLBRJG, BOHMIG and HALLER even suppose this to be the prevalent
mode.
WALTER desribes the indirect origin as being produced by
interposed multipolar cells, whilst the other writers presume a more
or Jess fibrou or reticular substance as being th interposing me-
dium; this substance is principally formed by proce es from the cells.
HALl ER and HA S SCHULTZE (as will be mentioned later) de-
scribe both modes of indirect origin.
Upon several occasions I, myself, have described an indirect.
as w II as a direct, origin of the nerve-tubes and supposed both
modes of origin to be present to a somewhat similar extent, as, in
my opinion, the ·nerv -tubes having a direct (never isolated as
most writers maintain) origin should be motoric ones, whilst those
with an indir ct origin should be of a sensitive nature.
Amongst those who maintain an ind'irect origin of the nerve·
tltUeS from a granular-fibrous mass, and, as a rule, deny the existence
of a elir ct origin, the following writers may be specially named:
LEYDIG, WALDEYER, HERMANN, HANS SCHULTZE, KRIEGER, VIGNAL,
PRUV T, VIALL NES, F. \. WAG ER Some of these, e. g. Leydig
and Waleleyer, admit a direct origin to occur quite exceptionally.
LEYDIG is the first writ I' who has given a somewhat detailed
d scription of the central mass of the ganglia. He calls it
•Punktsubstanze ;:lIld characterise' it as a .netzfOrmig gestrickte
Gewirr feinst I' Faserchene. Thi .Punktsubstanze rec i\'es on one
sid' the IJranching proc ss s of the ganglion cells (these loose them-
. Ive int th fibrous sub tance) on the other side it gi\'e origin to
th peri pheric nerve-tubes.
This not \ ry detail d description by Leydig has b 'n suppl m -nted
I>y v ry few scientists. Most writers s em to be atisfied with it,
they lI' - the name without entering more closely upon this difficult
subj 'ct. an I do not try to define the structure of the central mass
m rc exactly. W Al.DEYER characterise it as a "Gewirr fein tel' Fi·
d 'ne. which shoulcl originate principally in the divi ion of the cel!-
pI' ('sse.
B J1110LZ (I. c. 1 '63) calls this mass »jen S feinsfe Fasel'system,
w 1 h s liberal! innerhalb d r er\'encentren verbreitet ist.e He has, in
my pinion, in many respe t . arrh'ed at a \ ry correct view, which is
scare ly surpa ed by any other writer. The fibrillce of this .Faser-
ystcm an' extremely lender. »Die I' prungswei e derselben ist
nun. wic ang dcutet. cine doppc1te; cinmal namlich gehen ie, wle
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an den multipolaren Zellen zu bemerken ist, aus unmittelbar von
dem Korper der Zelle entspringenden. urspri.inglich breit n Zellen-
fortsatzen hervor, welche sich ganzlich in derartige feinste Fibrillen
auflosen, das andere Mal dagegen entspringen sie nicht unmitt lbar
von den Ganglienzellen, sondern ,',:erden erst "on d n breit n F rt-
satzen abgegeben, wobei sie alsdann gewohnlich ogleich als sehr
feine Fasern sich darstellen, welche oftmal noch in ganz au r·
ordentlicher Entfernung von der Zelle selb t entspring n; ohn da' .
die breiten Axencylinder durch die Abgabe derartiger fein ter
Reiserchen irgend merklich ich verschmalerten.e - »Dics f, in ten
Reiser entspringen sem haufig mit ein r sichtli hen platt~nfijrmigen
Verbreiterung von der breiten Stammfaser. e The e »f, in t n R i r
generally subdivide »so dass au den 'elb nine aus erordentlich gr
Anzahl unmessbar feiner Fasern hervorgeht, welche i.ib rail manni h·
fach sich durchkreuzend im Inneren der ;-.rervencentren vorhand n
sind.e I) These »ul1lnessbar feinen Fa erne ar the smalle't and
finest elements which Buchholz ha' been able to ob erve in the
fibrous mass, still, however, he is not sure whether they do not ub·
divide, or if they really are the ultimate branches by whi h the orr·
spondence between the ganglion cells is produ ed.
Regarding the appearance of these fibres he says: »dass die-
selben je nach der atur der FIU:sigkeit, in welcher dies Ibcn is -
lirt wurden, mehr oder minder Jeutlich unregeJm~lssigc Varic sitiiten
zu zeigen pflegen.«
The fibres are, as he supposes, separate I from ca h other» lurch
eine gewisse Menge seroser Fliissigkeit«, whic.h in the preparatiolls
have the appearance of »einer fein granulirten 'ul stanz~, the gra.
nular appearance is, however, prot ably artificially produced; I erhaps
it is, also, to some extent produced by destruction of som> of the
nervous substance. And he say': »bei dem vOlligen Mangel g ·formkr
Bildungen zwischen der ncrv"sen Elementen lasst si h dahcr fur die
Centraltheile ehenso wie fLir die Tervenstamm' als hochst wahr-
scheinlich annehm n, dass di g ringen Zwischenr~iul11c, weicht:
zwi chen den Gangliencellen und dcn Fasergebild n Ubrig bleiben,
ebenfalls hier nur von iner des Ganglion durchtrank nder Zwis hen-
fhissigkeit erfullt werden.1[
As to the origin of th nerve-tul s, he consicl rs that all of
them originate directly in ganglion c lis; but their COllfS thr ugh
the fibrillar mass is, as mentioned, not an is olat done. Ea II
I) I. c. p. 289.
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cell has, generally, only one process forming nerve-tubes; as a rule
this process, however, sooner or later, divides dichotomically; how
many divisions there may occur he has not ascertained. ~Doch
scheint zum mindesten eine dichotomische Theilung stets vorhanden
zu sein wenigstens sind mir in mehr bedeutender Lange erhaltene
Axenbander ohne jegliche Theilung niemals begegnetc (I. c. P.283).
Thus, several tubes must be supposed to originate in each ganglion
cell, and r ally unipolar cells do not exist, according to his view,
or if existent they are very rare, and of a small size.
H.cgarding the form of the ganglion cells (the larger as well as
the smaller ones) »~o finden wir allerdings den unipolaren Habitus
lurchaus vorwiegend.« Really multipolar cells are, how ver, also
present; they are generally of a larger size. »Die Fortsatze dieser
multipolaren Zellen zeigen nun, .... ein verschiedenes Verhalten an
derselben Zelle. Bald namlich theilen sie sich schon nach kurzem
Verlauf g~inzlich in ungemein feine Fasern,l) bald ver-
laufen sic in sehr grosser Lange, ohne sich aufzul"sen mit ziemljch
gl ich I leibender Breite fort, wobei sie nur hin und wieder vereinzelt
s hr fcine Fibrillen') abgeben« (1. c. p. 276).2)
According to BUCHHOLZ, an indirect origin of the nerve-tubes,
as maintained by LEYDIG and WALTER, never occurs. »Es kommt
nirgcnd vor, c..Ia s breite Primitivfasern von feinsten Fibrillen erst zu-
sammengesetzt werel n, auch sind sie selbst als homog ne Bander
unci keincsvcgcs se1bst als Bundcl feinster Fa5ern anzuschen« (I. c. p. 305).
The functi9n of »jene fein ten Fasersystem c i , consequently, not to
form nerve-fil res with indirect origin, but to produce correspondence
I tween the ganglion cell', which never have a direct connection
with e:lch other as \ :lIt rand oth r writers maintained. »So oft
i h al ('r au h cinen d rartig n Zu ammenhang zwischen Zellen ZlI
s h n glaubte, habe ich mich loch immer wieder in jed m einzelnen
Fall <lavon i.ibcrzeugt, das di er Anschein auf ganz be. timmt
Ilachwcisbarcn Tallschllngen beruhte« (1. c. p. 293)·
I) ·mfr. whnt is above ment ioncd regnrding the origin of the slender fibrilltc
of the fihrous mnss .
• ) Acconting to Ruchholz npolar ganglion cells do not exist. About this
he ay: .Es i t .Ien vornngehen<1en Arbeiten zufolge kaum nothig hervorzuheben,
das Gauglienzellcn ohne rortsfitze gar nicht vorkommen.. Seeing that Buchholz
(and before him Ow jannikow) has ntready expressed himself so very :lecideclly on
lhal point, it is really very curiou' to find this phantom haunting the brains of,
even, quile recent writers. Regartling the n('n-existence of proce e issuing from
nil lei r nucleoli Bllchhol', aIS(f, expresses him elf very c1eci(ledly.
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We will close this report of BUCHHOLZ'S paper with a referen e to
his description of some corpuscles occurring in the fibrous mas. bout
these he says: »Pnifen wir namlich die feinen Fa erzuge, w Iche neben
den breiten Axenbandern uberall anzutreffen ind, so bemerk n wir
an sehr zahlreichen dieser Fasern erhebliche Anschwellungen, \\ Iche
mit deutlichen ovalen Kernen versehen sind.« »Es sind fast immer
langgestreckt spindelformige Gebilde, welche nach beid n ' iten hin
in feins~e Fasern unmittelbar sich fortsetzen, oder \'iell i ht richtiger
gesagt in den Verlauf derselben eingesehaltet sincl.« »Di K rn
enthalten einen ocler mehrere sehr feine, punktfc'rmige ucl oli.«
The extremities of the fibres is uing from tILi »G bild «r emble
.in ihrem ganzen An ehen, sowie durch da Vorhan 1 ns in vielfacher
Varicositaten auf das Vollkommenst den fein ·ten Verzweigungen
cler Ganglienzellen.« Besides these .in reichlich ter nzahl v rhan-
denen regelmassig spindelformigen Faseran 'chwellungen giebt e ab r
noch eine andere Art kernhaltiger, mit den feinsten nervoscn Fas rn
in Zusammenhange stehender Bildungenc (I. c. p. 290-291).
These have generally a multipolar shape, and hav nu I i of
quite the same appearance as those just mentioned. Buchholz does
not exactly know which nature he ought to ascrib to the ell,
I think, however, there can be no doubt but that the e cells ar
what I have described as neuroglia-cells (vide sequel). I)
This report of Buchholz's paper is, perhap, omewhat prolix.
I have, however, made it thus circumstantial, partly because I hav
seen no correct report of the beautiful researches of this emin nt
inve_ tigator, and also, partly, because I consider those researches to
be of the highest import, and it really se ms as if they are far too
little known.
WALDEYER ([863) describes »das molekulare mittlere 'tratum«
as peine Art Flechtwerk, welches eb n cler Feinheit d r Fad n w -
gen, aus denen es besteht, sehr schwer ZlI entwirren i-to ~ Thi
»Flechtwerk c, is formed of the three following elem ntary parts: »feinc
Auslaufer der grossen Zellen, kleine Zellen und 1 ren f, inste lIS-
laufer.c »Die kleinen Zellen Iiegen sehr clicht neben inanclerc in the
central mass. This last description does not suit for my neuroglia-
cells, which in Mollusca (which Waldeyer has especially a lopt d
I) It is indeed very strange that Rawitz has nol ohserved Uuehholz's descrip-
tion of those corpuscles, as he has descrihed and figured 'Illite similar on('s (cmfr.
the subsequent .eport of R.'s paper). The multipolar cells of Haller, situated in
.dem centralen Faseruelzc, are also, undouhtedly, the same cells ns those multipolnr
.Gebilde c of Buchholz.
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for his investigations) occur somewhat sparingly; in spite of this, J
do not doubt, however, that what Waldeyer has called -kleine Zel-
len« (-kleine bi- und multipolare Zellen«) is what I describe as
neuroglia-cells.
Of the results of his investigations -libel' den Ursprung del' den
Axencylindern gleichwerthigen Axenfibrillen der Wirbellosen« W al-
deyer, himself, gives liS the following summary: -Stellen wir ....
das Endresultat zusammen, so ergiebt sich: dass dieselben (i. e.
-Axenfibrillen del' Wirbellosen«) in den von mil' untersuchten Fal-
len direct aus feinen Alislaufern kleiner bi- und multipolarer Zellen I)
ihren Ursprung nehmen, entweder aus einem solchen Zellenauslaufer
ohne Weiters, odeI' so, dass erst TheiHiste de5selben die Axenfibril-
len sind. iemals abel' gehen direct Auslaufer del' grossen unipo-
laren ervenzellen, welche die Randpartien des Ganglion constituiren,
in periphere I erven tiber.«
Thus Waldeyer denies the existence of what we would call a
direct origin of th nerve-tubes from ganglion cells.
According to CHERON (1866) the nerve-tube of the Cephalopoda
hav , as a rul , a direct origin from ganglion cells, usually in such
mann I' that several processes of small cells unite to form one large
nerve-tube. In some cases he supposes that one large ganglion cell
alone .fournit elir ctement un tube« (vide 1. c. 1866 p. 94). The
nerve-tubes of the .systl~me stomatogastriquec have another (in-
direct?) mode of origin. Of the central mass of the ganglia he
se ms to have no distinct view; he describes it as HlOe matiere
finem nt granul us , absolument amorphe.«
CLAPAREDE (I 69) quite agrees with LEYDIG in his description
of th dotted substanc. .Die Zentralmas e des Bauchstranges von
Lumbricll hat Leydig ganz richtig al ein sehr feine Punktsubstanz
mit larin gel genen dUnnen Faserchen beschrieben. And re Nerven-
fa rn gi bt e nicht, wed I' im eigentlichen ervenmark noch in
den lerven selb t. Die e meist ge chlangelt n Faserch n verlaufen
in den v rschied n ten Richtungen die Mehrzahl jedoch del' Lange
n3ch; die yon den Terven stammenden strahlen nach allen Seiten
in das Bauchmark hinein.« 2) It is quite evident that Claparede's
.Faser hen«, which he believes to be the real .nerve-fibres c, are the
sheath of the nerve-tube., which, tran sected longitudinally, very
ft n hay the »g schlangelte« appearance which he mentions. In
1) S 1ll~lltiollerl above, it i these cell' which I call ne1l1·oglia-cells.
~, I. c. 1869 p. 593.
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his description of a connective tissue, or »VIRCHO\V'S Neuroglia ver-
gleichbare Stutsubstanzc in the nervous system, he says, even. that he
has not been able to distinguish the fibres of thi "Statzsubstanz"
»von denjenigen der centralen, fibrimiren Punktsubstanz .... 3uch
scheinen sie in dieselben unmitte1bar iiberzugehen. Ueber die ner-
vose -atur der letzteren kann aber kein Zweifel obwalten. cI) The
mode of origin of these »nerve-fibres e C1aparede scarcely mentions,
and it seems as if he agrees with LEYDIG, al 0, in regard to it.
In his last memoir on the Annelids (1873) he gives a descrip-
tion very similar to what i above quoted.
SOLBRIG (1872) describes the »Punktsubstanzc as a granular
fibrous mass which, in a successfully i alated preparation, may b n
traversed by »einem merkwiirdig feinen Fasersystem, de n Fibril-
Jen an dem Rande des Praparate oft auf weite Strecken hin i ali rt
verfolgt verden konnen.c He compares thi »Fasersy t me with
the capillary reticulation of the vascular y tern, and suppos that a
part of its function is to produce the corresponden of th unipolar
ganglion cells with each other. Beside a dir ct origin of the
nerve-tubes from ganglion cells, Solbrig aJ 0 distinctly maintains an
indirect origin from this »kornig-faserigen Mas ec, the latter mode
being the most common one. In thi' case the n rve-tubes ar
formed by the lmion of several »Fibrill n des feinen Fas rsy t msc.
STIEDA 2) (1874) suppa es the nerve-tubes of th Cephalopocla
to be direct continuations of the processes of th ganglion cell .
ouch a relation, he has been able to ob erve in am few case'.
»Ein anderweitiger Faserursprung lasst sich mi~ Sich rh it nicht de-
1110nstriren. e He mentions some »feinsten ervenfas rn, kaum mess-
bare Faden, welche ein im Centrum de Knoten I findliches schwer
zur entwirrendes Netz bilden.c His view of the import or function
of this » etz« he does not, however, give.«
The writer who has paid most attention to, and has mad' th
most minute investigations upon, the central fibrous mass of the inv rte-
brate nervous system is, in my opinion, HER 1ANN (1875). This emin nt
investigator has, in his really classical me::moir, given a very circum-
'tantial description of this substance, describing it as bing granular-
fibrillous, and in which he very particularly indicates th curse and
origin of the fibres (I. c. p. 84 etc.).
') J. c. p. 595.
• ) [ regret to say tbat to Trinchese's memoir on the nervous system or the
CelJhalopoda (1. c. 1868) 1 have had DO access, as we do not posess it in the
library of Bergen's Museum.
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The extremely slender fibrill~ of the mass spring, partly from
cell-processes, partly from peripheral nerve-tubes, and partly from
the longitudinally and transversally running fibres of the commissures.
The fibriJI<e unite in »Knotenpunkte~ not in such a way, however, as
to form a real reticulation.
»Der Zusammentritt zweier Fibrillen \'erschiedener Herkunft von
denen die eine z. B. von den Zellen entspringt, die andere den
Commissuren angehort, geschieht in der Weise, dass die eine FibriLle
- in Folgc der Verlaufsrichtung unter nahezu rechtem Winkel -
in die andcre unmittelbar iibergeht. Nul' eine kleine Verdickung
die ich oben Knotenpunkt genannt habe, ist an der Verbindungs-
stelle zu bemerken. Tritt an denselben Knotenpunkt noch eine
dritte odeI' vierte Faser, so verwischt sich allerdings das charakteri-
stische Bild unci es ensteht del' einer multipolaren Zelle ahnliche
Karpel', iiber clen ich bereits meine Ansicht mitgetheilt habe.« 1)
~Sorgfaltigst angefertigte Zupfpraparate bringen jene Knotenpunkte
besonders dann gut zur Anschauung, wenn sie nicht zu feinen Durch-
chnitt n entnommen sind. Doch zeigen auch frische Praparate diese
Verhaltnisse. wobei jecloch die Untersuchung einmal durch die un-
gcmeine Blasse del' Fibrillen erschwert ist, ferner dadurch, dass aile
nicht \'ollstiinclig zerzupften und so durch die Mannigfaltigkeit der
Veri inuung n n tzformig erscheinenden Theile in den Liicken zwischen
Fibrill n unci Knot npunkten eine helle, nahezu halbfliissige Zwischen-
substanz erkennen lassen, welche durch ihren Reichtum an Kornchen
die Dcutlichkeit des Bildes beeintrachtigt« (I. c. p. 84-85).
This is quoted, thus circumstantially, because I propose to refer
to it in de cribing my own investigations. From what is quoted, i
will b· een that Hermann suppo es the central mass to be formed
by flbrillce, and by a granulous, viscous, ~Zwischensubstanz«.
I) Allh()u~h Ilermann hns never obscn'ed Duclei in these lUultipolar corpuscles,
nor in lhe nsual • Knotellpunkte., he says of the former (I. c. p. 36): .lch kann
diese kleil.lCll Verbindun~ korper den librigen Ganglienzellen zwar nicht gleichstellen,
haltc fUr sie aher <.loch den l¥e'l'th 1II'l/ltipolal'f1' Zcllen aufrechl, insoferne, nls
ich sie als Ucbcrgangselemenle belmchle, welche die'Verbindung z.wischen den zur
l'eriphcrie zidlendcn Fibrillen und den im Obigen be chriebenen grossen Ganglien-
korpcm, seien cs die .unipolaren., oder die .multipolaren., vermilteln.· Whether
lhese Ilermanl.l's .Verbindung-korper. are identical with the interposed multipolar
cells which lValtel' describes. I can not positi"ely rleny, but am, however, not dis-
posed to think so. Wnlter's cells nre, I think, identical with Ha.ller's .Schalt-
z.clleoc, ....hich I call 1letll'oglia-cell , whil t Hermnno' .\'erhiodungskorper. nnd
.Kuolenpunktc. are, [ think, thickenings of the neuroglia-filaments which are
a1 0 perhap , to a certnin extent, nrtificially prodlll.ed by teasing or splitting of the
slender tube-sheaths. Thcir diameter is, he says, .0005-.0006 Mm.
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Regarding the ong1l1 of the nerve-tubes, Hermann'· 0p1l11On is,
that a direct origin from ganglion cells is very rare, as a rul they
have an indirect origin, and are formed of fibrill~ originatincr in 3
different ways:
I) from ganglion cells. »Diese Fibrillen sind abl:'r "icM, wic
etwa vermuthet werden konte, di,.ekte Auslaufer der Ganglienzell n,
sondern entspringen stets von einem Knotetaptmkte< (I. c. p. 5),
On a careful examination of sections this is easily seen. »Die VOIlI
Zel1vortsatz abzweigend Theil-Fibrille« generally penetrate t th
middle of the fibrous mass of the ganglion. H re it unites with
»Fasern anderer Herkunftr in a »Knotenpunkt, von dem au r t
die Fibrille in die Balm der Nervenwurzd, oft unmitt Ibar neben
dem Zellfortsatz, ri.icklaufig ubergeht.«
2) from fibrils of the longitudinal commis ur s, in su h malin r
that a part of these »in Knotenpunkten endet, von d nen andere
Fibrillen entspringen, um zur 'elTenwurzel zu zi h n.«
3) and finally clit'ectly from fibrils of the longitudinal commissul' s,
without their passing through any »Knotenpunkte«. I)
In some cases Hermann has been able to detect a direct origin
of dorsal tubes of the longitudinal commissures in ganglion ells,
the mode in which these tubes terminate he has, however, not b n
able to decide. Further, he has stated the mutual interpas age of
the process s of ganglion cells from one side into the nerves of
the other side etc.
Besides what is above quoted Hermann ha de crib d a great
many interesting particulars regarding the minute inner trllcture,
which, however, it would occupy too much space to mention here.
It seems, however, as if later writers have paid mu h too little
attention to these exellent investigations, which, indeed, contain an
amount of persevering accuracy, which can not b too highly
estimated, and which in my opinion a great many subsequent writ-
ers have rather failed in affording. 2)
DIETL (1876, 77 and 78) describes the c ntral mass which he
calls »Marksubstanz« as )} ein goberes oder fein res, unentwirrbares
Netzwerk feinster FibriUen«. Th fibriUce principally originate in the
processes of the ganglion ceUs. »Die Auslaufer del' Ganglienzellen
(des Gehirns) tauchen in die Marksllbstanz ein bild n hier eine rich
Zerfaserung zum grossten Theile das Substrat derselben und schli ss-
I) \1:)' view of Hermann's .Knotenpunkte. ancl fibrilla' will he seen from the
description of m), investigations on that subject.
2) The report of Hermann's memoir given by Vignal (I. c. p. 297-298) is,
in several respects, quite incorrect and misleading.
lich ordnen sich die Fibrillen neuerdings zu verschieden starken
Biindeln aus denen die peripheren Nervenstamme sich entwickelnc
(I. c. 1877 p. 24). He does not, however, deny the possibility of a
direct origin of nerve-tubes existing. »lch habe aber unter gewohn-
lichen Verhaltnissen nur ein solches Verhalten nicht mit untriiglicher
Klarheit zur Anschauung bringen konnenc (I. c. 1878 p. 487).
RABL-ROCKHARD (1875), in his paper on the brain of the ant,
has scarcely paid much attention to the histology of the brain. He
calls the dotted substance »jener feinkornigen, homogenen, keine
Zellenstructur zeigenden Substanz, die so vielfach an der Bildung des
Centralnervensystems der Arthropoden betheiligt iste (I. c. p. 489),
and his mention of this subject almost confines itself to that.
FLOGER'S paper on the brain of Insects (1878) has scarcely any
more interest for our present researches as neither has he paid any
particular attention to the nervous elements. In the fibrillar parts 01
the brain, he distinguishes between masses of »netzfbrmig gestrickten
Substanzc and masses of »langsfaserigen Substanzc, of which he gives
no di tinct description. The real structure he has not recognised;
he says for instance (I. c. p. 561) that the fibres of this :olangsfase-
rig n SuI stallZc, transv rsally transsected, have the appearance of
I oints or dots (» bei Horizontalschitten erscheint das Ganze aus zahl-
losen Punkt n zusammengesetzt«). As far as I have seen he does
not mention the relation of the nerve-tubes to the ganglion cells;
judging from his various descriptions I think, however, that he
suppo es an indirect origin (i. e. in the central fibrillar substance) of
th tubes or fibres, as he would call them, to be the rule.
E. BERGER (1878) maintains a direct origin of the nerve-tubes
from ganglion cells; this he has been able to, especially, observe
in onnection with the origin of the antennal nerve-tube's in Musca
vomitO,.i(L which he th refore recommends as a good subject for
examination t convince on self of this mode of origin. He does
nut, however, !cny that an indir ct origin may possibly occur, and
beli v . it, v n, to b probabl (I. c. p. 3)·
Yu G (11)78) beJi ves in a direct origin of the nerve-tubes
from ganglion cells. »Les tubes," he says, »ne sont bien en
realit que de simples prolongements cellulaires. c Still it seems as
if he, to a c rtain extent, e. g. in the origin of the nervi optici,
supposes a kind f double origin (direct and indir ct?) to exist,
this origin is not, however, definitely explained (p. 454)· His
iew of the entral fibrous substance seems to be of a some-
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w hat peculiar kind; he describes it as »une substance medulaire.
finement ponctuee. divisee en masses plus ou moins cubiqu s par
de fines lamelles conjonctivesc (I. c. p. 459). Altogether. hi ex-
planations are certainly very indistinct. in another place (I. c. p. 453).
regarding the central masses of the brain (he calls it » LIb tan e me-
dullairec a translation of DIETL's »Mark ubstanz c) he say : »il~ rl::-
sultent, en effect, d'un complexu de fibres et de ub tance medul-
laires que dans ces demier temps BELLONCI. qui les a retrouve et
descrits chez la Squilla mantis. a compare aux grands lob du c r-
veau chez les animaux superieuTS.«
HANS SCHULTZE (1879) gives a view of the llk"rnig fibrill~ir
Centralsubstanz« somewhat similar to that of DIETL. It has a
reticular structure with anastomosing fibrillce; wh n 'p aking of
it. he uses expressions like »anastomotischen central n Fa rnetze.
He has never succeeded in really observing a dir ct tran ition
of processes from the ganglion cells to n rve-tub , but does,
however, not absolutely deny it existen e. An indir ct origin he
onsiders to be the rule, there even exist two kind of indirect
origin: »centmlen Zell!oJ'f$utze los n sic durch !ortgesetztc l'hciltmg
in die kiJrnig-fibrilldJ'e r1etztiJrmig-verzweigte Ccntralsubstanz aul. aus
di er letzteren erst bilden ich dir ct rvenfa ern. B i cl n Elato-
branchi(£ten habe ich toiederholt inen anderen Modus I .
indirecten Uebergangs beobachtet. Kleincll multipolat'en Ganglieneel-
len ind in die Leitungsbahn zwi c1um die grossel'en Zellen und elie
nervose, anastomotische Centralsubsta1£z eingeschaltet. Auch sah i h
bei Gasteropoderl haufig intercellularc CommissLmm. If
This "anderen Modus" i, onsequently, omewhat imilar to what
is maintain d by v ALTER and ALDEYER. As will be ubsequently
described, these »eingeschalt ten klcinen Ganglienzell n ar , in my
opinion, nothing but neuroglia-cells b longing to the inner »conn ctiv «
ti ue or inner n urilem of the nervous system.
CLAU (1879) maintains a direct origin of th nerve-tubes
Irom the ganglion cells as being the only mode of nglll exi:t-
ing in Ph1·onimida. »Die peripherischen Nerven wurzeln lli ht in
der sog. Punktsubstanz, sondern bezieh n ihre Fas rn alls Gang-
lienzellen thcils des entsprechenden Ganglions - lind zwar sowohl
gekreuzt als ungekreuzt - theils des vorausgehendell Ganglions.
theils vom Gemme aus.« H. garding the tructure of »der sogenannt 'n
Punktsubstanze he is in doubt; »die zarten. als prot plasmatische
zu bez ichnenden Ganglienfortsatzec have probably the sam relation
to thi sub tance in the Arthropods. as they have in the Vertebrat 'S.
4
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»Warsch inlich handelt es sich in del' Punktmasse zum grosseren
Theile um eine bindegewebige del' Neuroglia del' Vertebraten ver-
gleichbare Substanz zu del' die kleinen ovalen Kerne gehoren, welche
im Innern del' Marklager auftreten.c
EWTO , in his paper on the brain of the cockroach (1879),
has not advanced much further than FIDger in the knowledge of the
dottcd substance. Under a high power of the microscope, he says
that, it exibits a fine reticulation the meshes of which are »extremely
difficult to define«. In another part of the brain (the peduncles), he
describes a .similar network, but not quite so fine, and the m~shes are
more elongated (fig. 14), especially towards the upper part, and it is
this which gives it a fibrous appearance. It is, in fact, a bundle of
fibres which freely anastomose with each other.« From this descrip-
tion, and from the illustration, it is quite evident that the appearance
which ewton de cribes as anastomosing fibres is produced by the
sheaths of the slender nerve-tubes, they being transversally or semi-
longitudinally transsected. ewton says that »the manner in which
these remarkable nervous structures are connected with the other
parts of the brain and nervous system has yet to be established.«
either does he mention the origin of the nerve-tubes or their
relation to the ganglion cells. On another occasion, he also mentions
a n .twork extending between the ganglion cells. He thinks it,
however, to be pm1 able .that connective tissue combine with
nervous tissue to produce th appearance presented by tl-teir sections.«
MICHELS (1880) has penetrated more closely, into the innel
minute structure of the brain and ventral nerve-cord of Ol·yctes. He
describes, very circumstantially, the course of the bundles of fibres
and cell-processes through the fi1Jrous mas. Though he has not quite
under toad the real nature of this substancc he has, however, a view
fit whi h is mon.: correct than that of many other writers. He calls it
»Fasersubstanz« instcad of»Punktsubstanz«, »weil ich nach Anfertigung
von Lings- und QlIcrschnitten eine molekularen Punktmasse, wie Leydig
von ckn ren'encentren del' Arthropoden beschreibt. nicht habe auf-
fin kn konnen, \'iclmehr immer nul' lIlannigfach sich durch ctzende
[ angs- unci (juerfaserzi.ige wahrzuhncmen im tande gewesen bin,«
The great\" t part of these »Fa erzUge« especially the •Querfaser-
zligec spring, in hi' opinion, from th processes of the ganglion
cell ; hi' opinion e\ id ntl)' is also that most l)el'iphel'al nel've-tubcs
~}J'/'ing elil'ectl'!} from such l)/,oces es. tIe describes numerous .Quer-
faserbUndelc, .dic, aus dcn Ganglienzellen del' einen Seite ent-
stehcnd, den periphercn Kerven del' al1del'en Seite bilden, jedoch
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zusammen mit einem Bundel, das in den Einschnunll1gen von
den jedwede Bauchmarkshalfte durchziehenden dr i Langsziigen abo
tritt. c These :tLangszugenc do not, however, originate in :tein r
peripheren Ganglienmassec nor in »einer centralen Punktsubstanzc,
.sondern sind bloss Fortsetzungen jener nach hinten an Dicke abo
nehmenden Uingsfaser~uge, die sich durch die Schlundringskommis-
suren bis zum Gehirn verfolgen lassen.« They run through the
whole length of the ventral nerve-cord.
An interesting view of the central mass is, in my opinion, found
in KRIEGER'S paper (1880) on the nervous sy tem of AstaclIs. He
prefers LEYDIG'S name "Punktsubstanz« to DIETL'S lIMarksubstanz«,
finding the former one characteristic, whilst the latter one i mi lead-
ing. lIDie Punktsubstanz ist (he says I. c. p. 540) ein etzw rk
oder vielleicht richtiger ein Filz von fein ten Fa- rn.« This is ea il)
seen by help of high powers of magnifi ation, in thin trail v r e
sections taken from ganglia treated with osmic acid, it can al 0 be
seen in macerated preparations (obtained by maceration in O.Ot 0/0
ammonium-bichromate). In such, carefully tr ated, preparation Hvird
man deutlich wahrnehmen das die Punktsubstanz aus ausserst feinen
einander durchflechtenden Fas rchen besteht.« Regarding a direct
transition of cell-processes into n rve-tubes, he does not leny its
existence in Astacus, but has, however, not succ ded ill rally
observing it. He supposes an indirect origin of th tube to be th
most common mode. »Die Ganglienauslauf, r 10 en sich, indem sie
sich in immer feinere Aeste theilen, in d r Punktsubstanz auf od r i
bilden vielmehr dieselbe, indem die durch ihr Th ilung n . nt tan-
denen feinsten Fasern sich auf die ver chiedenste W i e durchAech-
ten, und anderseits kommen die peripherisch n N rvenfasern aus d n
Punktsubstanzballen hervor, nachdem sie sich durch die \ reinigung
verschiedener solcher fein ter Fasern constituirt haben.« Th division
is not produced in such a way that »shon varher getrennt neb n ein·
ander herlaufende Elemente (Primitivfibrillen), nur ihren gemeinsam n
Verlauf aufgeben, sondern der vorher gemeinsame Inhalt ciner Faser
theilt sich in mehrere Aeste wie sich das Wasser in den Rohn.:n
ein.er Wasserleitung theilt, die die verschied nen Hauser ein r tadt
zu versorgen hat und in ahnlicher Weise verschmilzt d r Inhalt d'l"
einzelnen Faserchen die zu einer peripherischen ervenfaser zusam-
mentreten, nach meiner Auffassung benso zu ciner gem insamen
Masse, wie sich das Wasser verschi dener Bache zu einem FJussc
vereinigt. «
J. BELLONCI (1878: 80, 81 and 83) has supplied several beautiful
4*
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contributions to our knowledge of the central fibrous mass of different
invertebrates (Squilla, Sphceroma, ephrops), as well as vertebrates.
He has, very correctly, described it as consisting of connective tissue
and nerve-fibres, he has, however, not succeeded in finding the
real relation between these two substances: :tSelon moi, la sub-
stance grenue-reticulee est formee d'un stroma conjonctif et d'un
reseau nerveux. Le stroma conjonctif reticule est excessivement fin
dans les parties centrales du cerveau; au contraire, dans la peripherie
des ganglions il est plus grossier et ne differe pas beaucoup de celui
dont se compusent les capsules cellulaires« (I. c. 188 I p. 178). Through
this reticulation of connective-tissue, extremely slender nervous {ibrillre
run in all directions, anastomosing with each other and forming another
reticulation of nervous nature, These fibrill;e are partly derived from
processes of ganglion cells, and, partly, they are constituents of peri-
pheric nerve-tubes. He says of them: :tils proviennent des nerfs
peripluJriques et des cellt'les nerveuses et se ramifient en une foule de
branches grandes et petites qui, les reliant entre eux, forment un
veritables reseau.« Be ides an indirect origin of the nerve-tubes in
this »reseau Il, there exists, however, also a direct origin from gang-
lion cells: :tcependant il est certain que beaucoup de fibres peri-
pheriques proviennent directement du corps des celluJcs centrales et,
dans les plus grandes cellules j'ai remarque d ux prolongements qui
partent du meme pole; I'un forme directement une fibre nerveuse'
peripherique, l'autre se resout dans Ie reseau de Ja sub tance grenue.1l
As will be seen, these observations are, in several respects, very
similar to minc on the nervous system of Myzostoma and of the
As idians et . and, also, to many of those, on various nervous systems,
which will be d scribed in this paper. Bellonci has found the same
.substance grenu('-reticulee« in the nervous system of the various
animals examined by him.
AH OLD LANG has, in hi various papers ([ 79, r '8 I, 1884),
aFf rded some valuable additions to our knowledge of the histology
of the n n ou system of th Polyclades, Tt'ematodes tc. In my
opinion. he has form d a very correct idea of the structure of the
fibrillar sub tance in the nerves and ganglia. Of the nerves he say,',
r I' instance (I. . J "4 p, 190): »Das spongiose Aussehen auf dem
Om:rs hnitt kommt dadurch ZLI Stande, da der Nerv aus lauter
I;einen Balkch -n Zll I estehen cheint, we1chc aile miteinander ver-
bundt'n iod un 1 welche zahlreiche rtlndliche. verschieden gros. e
I.i.ick n umschlics en. , . , . Auf guten Praparaten aber sind sie
(i. e. dic Lucken) angeflillt von einer feinkornigen blassen ~ubstanz,
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die an einzelnen Stellen Zellen und Kernen Platz macht. _ . .
die blasse, zarte, feinkornige Substanz ist nichts anderes, als ein
Querschitt einer ervenfaser. Das spongiose Balkennetz ..... er·
weist sich also als ein Stlitsgewebe der Nervenfasern. Auf Lings-
schuitten der Nerven ist naturtich von einem pongiosen Bau des
Stiitzgewebes nichts zu sehen, da die Balken derselb n in der Richt·
ung del' Nervenfaser ausgezogen sind. In jed m Nerven bildet d:l
Stiitzgewebe deshalb mehr oder wenige zahlr iche, miteinander v r-
schmolzenen Rohren, von denen jede eine rvenfa I' lun hliesst.« I)
Of the central mass (dott d substance) of the brain he say, aft r-
wards (p. 190): »Ich glaubte friiher, dass sich das StLitzgewebe del'
Nerven bei den Polycladen nicht ins Innere del' G hirnkap el fort-
setze, habe mich aber, nachdem v. KE NEL 2) die ntgegengesetztc,
Behauptung ausgesprochen hat, davon uberzeugt dass diesel' For cher
im Recht ist.« Lang's opinion mu t, con equently, b that til spong}
looking »reticulation« in the dotted substanc of the brain, as al 0
in the nerves, is produced by a »Stutzgeweb « or, as I call it, n~lI­
roglia, which in reality forms tubes; an opinion in which I do quite
agree with him, as will be seen from my sub equent description
and also from my previous papers.
In his description of the brain of the T"ematodes, he v n ex-
presses himself quite unmistakably in favour of thi view. He
says: »Vergleicht man chnitte durch das Gehirn mit chnitten
durch einen del' starken Langsnerven, so ist man lib rra cht von
den Ahnlichkeit del' Bilder. Auch im G him treffen wir, wil'
T ASCHENBERG 3) richtig bemerkt, auf Schnitt n, die in d r Lang·
I) These nerve-tube, he de cribes, at first, as anastomosing with each other.
-Die Nerven bestehen aus ans erst zarten, mit einander anastomosirenden ....
Fasern- (I. c. 1879 p. 485). Later, iu his Monograph (1884), he uses just the sallle
word, dropping only the expression .mit einander anastomosireOllen-. From this
it seems as if Lang has, probab])', partly changed his "iew regarding the anastom-
osing of the fibres, Ilnd if so, he is, [ suppose, right if I mal' judge from my in-
vestigations on the nervous system of other animals.
In his de cription of the nerves of the T"ematode8 he says (I. c. 1881 p. 37):
.In Folge fortgesetzter Theilung solcher Lumina durch neue Scheidcwan.le kOll1ll\cn
die kleineren Hohlungen der spongiosen Stralll:"e zu Stancle. Es darf uns ,Ieshalb-
nicht verwundern, dass wir in den feinsten peripheri chen Nervcuiistchen nicht mehr
<las Bild des spongiosen Stranges soudern bloss das einer unregelmiissig pUllktirtcn
FJache erh:\lten; c1enn hier sind. durch wiederholte Theilullg der sehr fein gewor-
deuen F:\serscheiden die Lumina auf eine ausserordentlich geringe Grosse reducirl.-
This i :L dcscription which, in m)' opillion. is also quite suitable for lhe dotteel
substance.
~) Vide Kennel 1. c. 1879 p. 153.
3) Viele Taschenberg I. c. 1879 p. 19.
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richtung cler Thiere geftihrt sind, dasselbe spongiose Gewebe, wie
in den erven auf Querschnitten. Bei beiden sehen wir auf Flachen-
schnitten dasselbe System mit einander verbundener Rohren und
in diesen Rohien liegen bei beiden gleichartige Ganglienzellen. c 1)
In the :tSttitzgewebec Lang even describes what he calls:
"Faserkerne" (vide I. c. 1879 p. 485 and Taf. XV, fig. 5 and Taf.
XVI, fig. 7, fk.); they have completely the appearance of neuroglia-
cells. Although Lang does not say anything regarding his view ot
the nature of these nuclei, I do not think there can be any doubt
of their real neuroglia-nature (vide also Monograph 1884, Taf. 32,
fig. 9, d, e, f, g, and also Taf. 3I, fig. 6, g z 3, g z 4). Lang even
describes small nuclei adhering to the processes of the ganglion cells,
(:tAuch der kleinen, den Auslaufern der Ganglienzellen anliegenden
Kerne mtissen wir, als allgemein vorkommend. Erwahnung thun.«
Mon. I~84 p. 183, Taf.32, fig. 9, a). These nuclei have, also, quite
the appearance of those belonging to the neuroglia, as will be seen
from Lang's illustrations. It is, consequently, a situating of neuroglia-
cells quite similar to what I have previously described in MlJzostoma,
and to what will be described, particularly ot Molluscs, in this paper.
In the Trematodes there must, in his opinion, be a direct origin
of the n rve-tubes from ganglion cells, so far as I understand him. In
his description of their brain he says, for instance: »Auf ltickenlosen
Serien von Quer-, Lings- und Flachenschnitten ist es moglich, aile
Einz lheiten des Faserverlaufs Zll erkennen und die Fortsatze wenigstens
cler gros rn Ganglienzellen bis in die erven hinein zu verfolgen. c2}
Whether the nerv -tubes of the Polyclades have a direct origin in
ganglion cells of the c ntral nervous system, or an origin in the
central fibrillar substance, he does not mention, and neither does
h' giv any di tinct description of th dotted substance in these
animals besides what is above quoted (vide p. 531. The central
part of the brain, he says, consists »aus einer ich sehr schwach
farbenclen, 3usserorclentlich feinfa erigen ubstanz, in deren Inneren
w cler Kcrne noch Ganglienzell n vorkommen.c From thi descrip-
tion it i • however, evident that we have a similar structure of the
') Regarding these cells situated in the nerve-tubes. ,·ide foot note 2.
~) 1n the peripheral nerves, he describes nerve-tubes wich are direct processes
of ganglion cells situated in the nerves. The nerves of the Trematodes. he says,
(I. c. I I p. 37) consist >zweitens aus cler Nervenfaser, die. in diesen R0hren ein-
geschlossen, die Fort iilze def ebenfalls in ihnen liegenden Canglienzellen darstellt.·
As 1 have not examine,1 the Trematodes, I can. of course, form no opinion of
the correctness of this statement.
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dotted substance in Pol!lclades as in Tt'ematodes, and aloin Mollusc "
Anllelids etc.
SPE TGEL (1881) describes in Oligognathus large ganglion cells
with processes directly forming large nerve-tube. LEYDIG'S and
CLAPAREDE'S gigantic nerve-tubes, he supposes to b' 'imilar cell-
processes. These nerve-tubes have heaths of connective-tis ue, being
continuations of the connective-tissue enveloping th' ganglion ell.
Spengel gives no description of the dotted substance; he suppo e',
however, the observations just quoted to be of importance for
our understanding of this substan e. (»Aber auch fur di Frag'
nach dem Wesen der sog. Punktsubstanz werden die e Elem"nt
eine Bedeutung gewinnen miissen.«) I suppose hi opinion is, that
it is also probably formed by » crvenr"hre« with heatil - at all
events to some extent - and here he i , in my opinion, quite right.
FREUD (1882) does not seem to have paid any pe jal attention
to the structure of the dotted substanc. Th relation of th gang-
lion cells to the nerve-tubes, hc supposes to be th samc in invet·te-
brates as in vertebrates, and he believe, to a certain extent at all
events, in a direct origin. He expresses himself, however, very in-
distinctly on this subject.
VIGNAL (1883) believes only in an indirect connection of til
ganglion cells with the nerve-tubes by means of a granular Iii roilS
mass. In his description of the Crustacean , he say, for in tan e
(I. c. p. 325): »Le centre des ganglions st forme par d's fibres
nerveuses d'un cote, des prolongement c lIulaire de I'autre; cs
fibres et ces prolongements se melent intimemcnt d forment un
plexus d'ou partent les nerfs.«
KOESTLER, in his paper on ~das Eingeweidenervensystcm v n
Periplaneta« (1883), mentions the structure of the :tStirnganglion«
(Ganglion frontale). Of the minute structure of the fibrillar substan c,
he says nothing, but that it exhibits beinen netz- oder geflechtartig
gestrickten Charakter.« His opinion of th importanc of this
substance he does not give; he seems to suppose the direct origin
of the nerve-tubes in the ganglion cells to be the n,le wh 'n he says:
vGanz deutlich ist der Ursprung der erv nfasern au' den Gangli n-
kugeln ZlI beobachten.« The ganglion ells are, in his opinion, all of
them, unipolat·. Their relation to each oth r he do s not mention,
he only says that from them »ausgehenden ervenfasern gehcn
nach der Punktsubstanz hin und fast r gelmassig so, class sich die
von mehreren Ganglienkugeln ausgehenden Fas rn vereinigen und
dann gemeinschaftlich in die Punktsubstanz eintretcn.~
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VIALLA 'ES'S voluminous papers (1884, 1885, [887) on the nervous
system of Atheropods have not much interest for our present re-
searches, as he has paid no special attention to the minute structure
of the nervous elements. Regarding the structure of the dotted
substance, he only quotes the general opinions of other authors,
and seems, especially, to believe i;l the descriptions and views
afforded by Krieger and Vigna1. The nerve-fibres (he distinguishes
between three kinds: tubes nerveux, fibres fibrilloides and fibres
tili/onnes> have no dit'ecl origin in ganglion cells, neither have
the ganglion cells any direct combination with each other. Of
the dotted substance (substance ponctuee) he says for instance (1. c.
1884 p. 14): »C'est d'elle que tous les nerfs tirent leur origine,
c'est dans elles que les prolongements des cellules ganglionnaires
viennent taus se jeteI'. Ainsi les cellules ne peU\'ent communiquez
entre elles, les nerfs ne peuvent communiquez avec ces memes
cellules que par l'intermediaire de la substance ponctuee. c:
BOHMIG (1884) has himself given the following summary of the
results of his investigation of the dotted substance etc. of the Gastero-
pods. »Die Markmasse wird von einem Punktsubstanzballen gebildet.
Unter PlInktsubstanz hat man ein inniges, filzahnliches Gewirr von
Primitivfi.brillen, aus welchem die Zellfortsatze gebildet werden, zu
verstehen. Aus del' Punktsubstanz gehen die Nerven durch eine
Parallele Anordnuncr del' er t wirren Primitivfibrillen hervor. Durchb
eindringende Bindegew bssepten werden die Fibrillen zu secundaren
Blindcln vereinigt. Eine directe Uebergang von Zellfortsatzen in die
, rven, al'o ohne vorherige Auflosung in del' Punktsubstanz, kommt
v 1'; und zwar fa. t bei allen erven. Jec10ch ist c1iese Erscheinung
e1tenc: (I. c. p. 45). As will be seen, this vic::w is somewhat similar
to that of SOLBRIG; the nerve-fibt'es may have a' dit'ecf origin as
well as an indit'ect one.
PA KARD (1 84) ma k .. , in my opinion, some very interesting
statements reg:1rding the structure of the brain af Asellus communis.
As to the strllctme and importan e of th dotted substance, or
»myeloid sllbstance« as he calls it, he does not think himself in
a position to :ay anything with certainty. He says of it (1. c.
1884 p. 6): »This I:1tter substance does not exist in the nervous
"vstem f the v rtebrates, and just what its nature and function
cl arly are in the invertebrates ha yet to be worked out.« »His
own opinion from what little he has seen is, that the. myeloid sub-
tance is the re ult of the splitting up into a tangled mas of very
fine fibrillcc of c rtain of the fibre thrown off from the mono-polar
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ganglion cells, i. e., such fibres as do not go to form the main
longitudinal commissures.« As to the origin of the n rYe-fibres, and
their relation to the dotted substance and tlle ganglion cell , it will.
already, from what is just quoted, be een that Packard doe' not
quite agree with Leydig; 1. c. p. 5 he sa) s for instance: »ther'
is no doubt but that all the ganglion cells gi\ rise to fibres, om·
of which at least pass directly through or abO\'e or around the
myeloid substance of the cerebral lobes and form th commi sures
(i. e., the transverse as well a the longitudinal ones. Thi indepen-
dence of the myeloid substance appears to be more g n ral in th
Assellidce, at least this we would infer from Leydig's stat ments previ·
ously quoted.« Packard even thinks it to b »Iittle doubt but that in
all Arthropoda certain nerve·fibre arising in the pro cercbr;:11 lob· s
(from ganglion cells) pass uninterrllptedly to the last \ entral ganglion c
(i. e., through the whole central nen'ous sy t m). t) A gr at man)"
peripheric nerve·fibres, he supposes, however, to originate in the way
which Leydig has indicated; he says that in th »my loi I substance«
a great many processes from ganglion cells becom »brok n up
into a; tangled mass of tibrillce, which unite finally to form the tibre:
constituting the nerves of the appendage.« \\'h th r he SUPPO'L'-
all peripheric nerve·fibres to originate in thi way, or not, J hay not
understood from his description.
FRAIPO T (1884) affords some intere ting informations r gard·
ing the histology of th nen ous 'ystem of the At'cheannelids.
Judging from his description, I think there is no doubt, but that
the central nen'ous system of these primary Annulates has a
histological structure which is, principally, of quite the same type
as that of the central nervous sy tem of higher Annulates.
Arthropods and other invertebrat s, to be treated of in this
paper. He distinguishes between two constitu nts, an external
layer of ganglion cells and a central fibrillar ma s; for the
latter he uses various designations: »substance libro-n rveuses«,
»substance ponctueec, »substance nerveuse fibro-pon tuee«, »mass
finement ponctuee et fibrillairec etc, It is evid nt that h' sup-
poses this mass to consist of a web of slender fi.brilla::; I. c. I Si)4
p. 267 he says, for instance: »Figure 5 (pI. Xl), 011 peut voir au
milieu des cellules ganglionnaires les sections trausversales ou obliqu s
I) As will be seen in my memoir Oil ;\t}'7.0stoma (1885), p. 35 & 75,1
have expressed myself in very similar terms upon this subject, and have said that
I believed similar longitudinal nerve-fibre etc, to be generally present in AWletidli
and 11'lIlr01Jod .
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de fibrilles tres minces melees a une substanse finement ponctuee. c
Whether he considers these fibrillce to spring from the processes of
the ganglion cells. he do.es not distinctly say, though I suppose this
is his opinion. The ganglion cells, he says, generally send their
processes into the fibrillar mass, and here they can sometimes be
traced only for a short distance, sometimes he has seen them,
even, penetrate the whole fibrillar mass of the ventral nerve-
cord ("dans toute son epaisseurc). Whether he supposes a direct
origin of the nerve-tubes in ganglion cells or an indirect one, I am
not quite sure. In the head of Polygordius he describes two masses
of ganglion cells in which :temerge un faisceau de fibrilles nerveuse-
formant un gros nen qui constitue l'axe de chaque tentaculec (I. c.
p. 263). P. 270 he says; :tBeaucoup de prolongements de ces
cellules penetrent dans la masse fibrillaire et contribuent a la forma-
tion du faisceau longitudinal; d'autres traversent verticalement la
region fibriJlaire.« Of the tentacular nerves ofProtodrilus and Sacco-
cirrus he says, however, that they take their origin »de la masse
centrale fibro-ponctuee du cerveau.« The same he, also, says of the
commissures.
VEJDOVSKY, in his Monograph on the OligocJuetes (1884), gives
us no distinct description of our subject though he mentions it rather
circumstantially. The fibrillar »Punktsubstanz« he describes as con-
sisting of slender nervous fibrillce. Of the fibrillar mass of the ventral
nerve-cord he says, for instance, that it :taus feinen, nul' in del' Lings-
richtung verlaufenelen und dicht neben und aneinander liegenden
Nervenfibrillen besteht die bald einen gleichen kaum mehr als einen
Bruchtheil eines Mikromillimeters erreichenelen Durchmesser haben,
bald, und di s in del' gro seren Anzahl in del' Mitte mit einer
spindelformigen Anhaufung eines feink"rnigen Plasmas versehen sind
(Taf. JIT, fig. 2 '). W der eine besonelere Membrann, noch ein
K rn kOlllm n an eli sen, wohl den letzten nervosen Formelementen
zum Vorschein; indem sie, wie wir spateI' unten erkennen werden,
cI m Zcrfall einig I' wenigen ursprUnglichen Ganglienzellen ihre Ent-
stehung v rdanken.c I) This description is written from observations
n th' living animal. Vejdov ky does not mention any interfibrillar
'ub tan e like Hermann, and oth rs, it is, therefor , very difficult
to say ~hethcr h has seen the sheaths of the nerve-tubes, and
d 'crib cI them as fibrillce like most writer', or if he has really seen
the nerv -tub ,but not observed their sheaths. I fe I disposed to
1) 1• .: p. 91.
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think the latter supposition to be the right one. - The relation of this
fibrillar substance to the ganglion cell , and to the peripheric nerves.
as also the origin of the nerve-tubes. Vejdovsky define very
indistinctly, and I have not, indeed. succeeded in getting any clear
idea of his real opinion. Once he says that in Dendrobama he ha
observed the processes of the ganglion cells penetrate into the
fibrillar substance where they subdivide »wiederholtenmalen in di
feinsten Fortsatze, um ein merkwi.irdiges Fibrillennetz Zll bew rk-
stelligenc (I. c. p. 9O). »Diese Fibrillen sind jed ch ganz and r r
Art als die jenigen, welche in der Uingsaxe des Bauchstrange' r·
laufen. Sie stellen namlich keine selbstandigen EI ment \'or. sond rn
entspringen aus den Ganglienzellen in denen b reit ~i1t re Forsc.her
eine fibrillare Anordnung der Pia maelemente ichergestellt hab n.«
How this ought to be understood, and what the importan of
»diese Fibrillen« is, in Vejdovskfs opinion, I c rtainly can not tel1.')
Afterwards he tells us, that in oth r sp cies of Oligochcetes and
especially in the larger ones, he ha observed th ganglion 11
send their processes directly into th fibrillar sub tance to form
»quer und schrag verlaufende Fibrillenbi.indel«. Th relati n f th se
»Fibrillenbi.indel« to the nerves he does not m ntion, neither I ' h
say anything of the origin of the nerve, 0 far as J have s n; h
only tells us a little of the views of previous writ rs, specially Will,
\Valter and Waldeyer, and it really looks as if he agree with th '
old authors.
SCHIMKEWITSCH, in his paper on »l'anatomie de I"'peir It (lSl:I4),
has suplied no important adition to the knowledge four pr ent
subject. Like Viallanes, he r fer to descriptions, by oth r authors,
of the structure of the .substance ponctuee« the signifi anc f
which he states to be very difficult to understand, He supposes
the peripheric nervefibr s to originate in this ubstance, and, thu',
he does not believe in a direct origin of the fibre. in ganglion ells.
REMY SAINT-Loup, in his paper on »l'organisation de Hirudi-
nees« (1885), agrees with Vigna! regarding the hist logy of th-
nervous system and has therefore not taken up this subject for his
own investigations,
I) P. 92 he snys thnt of these fihrillx .sich offenhnr nur ein Theil nn cler
Hildung <ler queren und schr1igen Fibrillenblindel betheiligen. Die Ubrigen feincn
Fibrillen schliingeln "ich zwischen der fibrilHiren Substnnz und dlirftcn wo!!l zur
Entstehnng besonclerer Hohlriiume wesentlich beitrngen.« These .Hohlriillme« which
he describes 3S .meist kreisformige, fnrblose. uncleutlich contonrirle Fel<1chen« nre
evidently nothiug hut trnussected nen·e-tubes.
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Of the numerous papers on the invertebrate-nervous system,
which have appeared in recent times, we will only refer to a few.
The most remarkable work in the latest literature on this subject is
LEYDIG'S ~Zelle und Gewebe« (1885) which has been already mentioned.
There, he has modified, or to a certain extent changed, his previous
view of the dotted substance. The fibrillar reticulation, which he and
others have described, becomes nothing but a spongy net-work of
supporting substance, spongioplasm, in the cavities of which the homo-
geneous, really nervous substance, hyaloplasm, is diffused; the gang-
lion cells as well as the nerve-tubes consist of the same substance.
The nerve-tubes originate in this way: the spongioplasm, which in the
central mass is quite diffusively arranged, unites and forms longitudinal
fibres and sheaths which envelope the hyaloplasm like tubes; any
isolation of nerve· tubes or fibrillce in the central dotted substance
can thus, as a rule, not arise. It will be seen that this is a rather
radical revolution in the views of most histologists. To a certain
extent, in respect of the supporting substance of the central mass,
it certainly reminds somewhat of Claus; in all other respects, however,
Leydig holds a view quite different from that of the author named.
PRUVOT'S view (1885) of the dotted substance or »matiere
ponctuee« seems to be of a somewhat peculiar kind; he has not.
inde d, succeeded in finding its real nature. In the brain, he de-
scribes it in the following way (I. c. p. 232): »C'est une matiere
homogene, refractaire aux colorations, offrant un fin pointille qu' un
grossissement uffisant permet de resoudre en petites granulations
reguli'rement espacees et traversee seulement par quelques rares
fibr s anastomosees qui proviennent de la substance corticale.•
What th se »granulations« and »rares fibres anastomosees« really
ar in Pruvot's opinion, I dare not say, I think it is evident that his
powers of magnification have not b en sufficiently high.
In hi »conc1usions generale c (I. c. p. 323) he aives the follow-
ing ummary of his res arches on this subject: »En effet tous Ie
el m nts fibrillaires n rveux (prolongements des c Ilules, fibres des
nerfs ct des connectifs) traversent sans modifications la sub tance
orticale. mais au niveau de la substance medullaire se fragmentent,
sc re olvent en p tites granulations d'abord tres rapprochees et dis-
pos .es en series lineaires, qui s'e pacent peu a peu et se perdent
au mili u d s granulations voisine pour constituer la matiere ponctuee.
lie. i cst done un intermediaire entre la cellule et la fibre, entre
I'el ment entral et I'el' ment conducteur ....« As will be seen,
this is no \"ery di ·tinct description; his i lea of the dotted substance
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seems to be somewhat similar to that of Vignal, and also to the
old one of Leydig. The nerve-tube have no direct ongin in gang-
lion cells, but always in the dotted substance. »Ainsi les nerfs
prennent toujous leur ongine n~elle dans la matiere ponctuee et
toutes les fois qu'ils semblent partir du milieu d\m connectif, qui en
est depourvu ainsi que de cellules nerveu e n peut etre assure
qu'il n'y a la qu'un simple accolement de leurs fibres et qu'il en
faut chercher l'ongine dans un centre superi ur ou inferieur. e
According to PRUVOT the nerve have two root. He says
(I. c. p. 253): .Chaque cordon (i. e. of the ventral nerv ·cord) e t
luimeme divise en deux et les nerf" de la chain y prenn nt lem
ongine reelle par deux racines, une anterieure et une po terieur .
Les nerfs pedieux etant chez les Annelides inconte tablement mixt
par leur fonctions, il ne serait pas impossible que l'une en repre entat
la racine sensitive et l'autre la racine motrice.e
This is consequently something similar to what HERMANN and
others have already described in ~nnelids. EWPORT ha aIr ady
uescribed a similar arrangement by Insects 1834 (vide 1. c. [ 34).
POIRIER (1885) describes anet illustrates the n rvdibres of
the Tt'emalodes as being tubes with a granulou non·fibrous n·
tents (containing nuclei and bipolar cells), but he docs not give
any distinct description of the dotted sub. tance of the ganglia.
He calls it »lme substance speciale fincment granuleu Ce. In his
opinion, it, however, includes nerve-tubes of which he ay: .Ies
tubes nerveus du cerveau et de sa commis ure ont remarquables par
le peu d'epaisseur de leurs parois et Ie faible devcloppement de la
'ubstance arnorphe, qui reunit ces tubes et forme leur parois.« He
seems, thus, to have partly recognised the r al. natur f the ntral
mass of the ganglia. It seems as if he supposes the nerve-tubes, a a
rule, to originate directly in the ganglion cells. Of the cells of the brain
he says; »Les prolongernents de ces cellules nerveuses :e continu nt
directement, soit dans les divers nerfs qui part nt dll cerveau, soit
dans la large commissure transversale qui reunit scs deux lobes, et,
de la apres avoir parcouru une partie du lobe oppose a cclui clan
lcquel ils ont pris naissance, ils penetrent clans Ies tron s ncrveux
'lui en partent« (I. c. p. 605)·
BELA HALLER, \\'ho, half a year later than Leydig, published his
paper on the histology of the nervous system of the Rhipidoglossa, may,
in certain respects, be quoted as a contrast to I eyclig. A coruing to
his de cription, the clotted substance - which he calls »c1as central
Nervennetz« - consists of a net-work of nervous fibrillcc, which I y
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infinite ana!>tomoses form minute meshes; these nervous fibrilla:
spring from cell-processes, as well as from nerve-fibres. If Haller's
illustrations of the central ~Nervennetz«, are compared with Leydig's
of the dotted substance, the resemblance must certainly strike every-
body. The only difference is that, Leydig calls his reticulation a
spongioplasmic one, in the cavities of which the real nervous sub-
stance is diffused, whilst Haller calls his reticulation a nervous one,
the fibrilla: of which are surrounded by interfibrillar substance. It
may indeed be the same so far, because in both cases there must
be a quite diffusive distribution of the nervous substance or nervous
reticulation in the central nervous system. The cell-processes willch
contribute to the formation of tills reticulation are, according to Haller,
those which do ~ot directly unite with other cells, and which do not
directly form peripheric nerve-tubes; the latter he calls »Stammfort-
Satzell, He even illustrates isolated cells with processes forming a
reticulation.
The nerve·tubes have two modes of m'igin, some tubes originate
directly in ganglion cells, and are direct continuations of »Stamm-
forts~itzell, other tubes originate in the central »Nervennetz«.
No previous writer has so decidedly and emphatically maintained
an infinitely anastomosing, reticular, character in the central dotted
substance.
At about the same time as Bela Haller, the writer of tills
paper published a Memoir on the structure of the Myzostoma and,
subsequently, a paper on the nervous system of the Ascidia and
Myxine. We have there maintained views very similar to those
which will be laid forth here, and will therefore now refer to them
somewhat cursorily only. The dotted substance is no anastomotic
nervous net-work, but a complicated web or plaiting of nervous
fibrilla: or tubes. In transverse sections a reticulation is certainly
seen, it is, however, to a great extent produced, by the transsection
of the sheaths of tube-shaped fibres traversing, or rather forming, the
dotted sllb tance; the reticulation is thus a rather apparent one and
is of a "spongioplasmic" nature. It is, consequently, the same
substance which Leydig has described under this name, but it has
not, in the writers opinion, the reticular tructure he has ascribed to it.
Ea h cell has only one, 1'eaUy "ne1'VOUS pl'ocess", if the cell
ha' several processes, then the other ones are protoplasmic pro-
esses with a nutritive function. The »nervous processes« pass
to the »dotte I substance«, and, there, they - either quite lose
their individuality and sub-divide into fibrilla:, losing themselves in
the fibrillar plaiting - or they maintain their individuality, and pass
through the dotted substance and into a peripheral nen'e, {ormi"g a
nerve-tube. They have, however, no isolated course, and o-i"e off
extremely slender fibrillar branches to the fibrillar plaiting, on th ir
way through the dotted substance. The net'lJe-tubes lIa e two modes
of origin, they - either spring directly from gatlglion cells ('without
isolated COUt'se as above mentioned) - or indit'ectly, from the
fibrillar plaited texture.
FRA Z VON 'NAG);'ER (18 '6) who, at the arne time a I myself,
has described the nervous system of JJfyzostoma I) uppos the
nerve-fibres or nerves 2) to have Otlly an indi"ect o'rigin; i. c. in the
"Punktsubstanze , which he believes to be »ein di htes Gcfl ht
feinster Faserchen, welche aus der pin eIrormig n ufl" ung d r
protoplasmatischen Fortsatze cler Ganglienz llen hervorgehen. u
nies m ma chigen Filz treten die Nen'cn heraus.« »Das hwammig-
netzige G ftige«, which Leydig describe, in »Zelle und Gewebe«,
v. Vvagner has also observed; his opinion of the nature of this
substance he does not, however, give.
T awards the close of la t year another paper by BELA HALLER
appeared. In it the author states his re ults of me investigati n
on the structure of the nervous sy tem f Annelirls, A,·tlt,·opods
(Tobanus bovinus) and some Vertebrates. He compar- th s
results with his previous description of the n rv uS y tem of th
Rhipidoglossa. In the dotted sub tance of the latter he ~ unci
no connective tisstte, the substanc consisted, exclu ively, of a c ntral
nerV01tS reticulation springing from the processes of the ganglion cells.
In those firstmentioned animals the case is differ nt. In their ncrv us
system the dotted substance is formed by a reticul.1tiol1 of COl1l1e -
tive-tissue, as well as by a real nervous one.
This is a description very similar indeed to that which BELLON I
already, some years ago, on several occasions. has given of the central
nen ous system of Ct'ustaceans as well as V rtebrates. Hall r
seems howev r not to know this Italian author.
In his opinion the nervous ystem of the Mollusca r pres nts,
thus, a very primitive state, being difficient in a reti ulation of con-
nective tissue, it is in tltis respect like that of Coelente,.ates. In invert '.
I) 1 have previollsly mentioned the memoir of \Vagner in a paper 011 the
nervous system of Myzostoma, whieh will, 1 hope, ~OOIl appear in • Jennisehe
Zeitschr. fUr Tat.. 1887.
• ) \', "'''gner does not belie\'e that the nen'es of the Myzostomes arc rcally
differentiated into fibre (vide I. e. p. 48.)
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brates, as well as in vertebrates, he describes direct anastomos s
between the ganglion cells.
HalIer also quotes the writer's papers on Myzostoma and
Ascidians etc. As they are mostly written in Norwegian, he seems,
however, not quite to have understood them. - As wiII be shown
in this paper, HaUer's supposition of no connective tissue in the
dotted substance of the nervous system of the lower Molluscs is
incorrect.
dl The c mbination of ::e ganglion ce1l8 with each other.
Regarding the combination of the ganglion cells, two opinions
have especialIy been prevalent. Either, a direct combination by di-
rect anastomoses is described, and asserted - or the existence of
such a combination is d nied, the latter view is, strangely nough,
maintained by very few writers, and s arcely by any modern writer.
The fonner view is especially defended by W ALTER and W ALDEYER,
and i' certainly, without comparison, the mo t prevalent view amongst
histologist , and ha existed from a very early period.
Amongst its more mo lern adherent are HANS SCHCLTZE,
ROHMIG, BELLONCI and others; a very zealous adherent is BELA
HALLER, wh car cly ilIustrates a ganglion cell which does not
anastomose with another. According to this view, or rather theory
of a dire t combination, ther is a prominent disposition in papers on
the nervous system to find multipolar cells everywhere; Bela Haller
ev n says, with VIRCHOW, that the more closely the central nervous
sy tem is inve tigated the le's numerous will the unipolar ganglion
II be, if they do not indeed quite disappear. The fact is, that
multipolar dIs and lirect ana ·tomose were neces ary to the theory
of the ombination of th' nervou' el ments and the producing of
reAex-mo\' 'mcnt , and what it is n cessary to lind to upport our
th rics is very often too easily een. 1) A a con equense of thi ,
th're ar \. 'ry few w iters who have ventured to deny direct
combinations or anastom ses between the ganglion cells.
mongst those who hav expressed them elves most em-
phatically as to their non-existence, vc may rank B CHHOLZ and
LBRlG, who in opposition to 'V aIt r anu Waldey r quite decidedly
d ny any direct combination. The combination between the cells is
.) It ma)' here be mentioned that the >neuroglia-cells- and fibres. which. are
intcrposed betwcen thc ganglion cells, have certainl), a sistecl a great man)' wnters
to see ana tomoses, as the)' have not umlerstood the real nature of this snpporting
tissllc.
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according to both writers produced by the ,feinsten Fasersystemc
in the dotted substance.
CLAUS (1879) seems not disposed to believe in a direct com·
bination, neither VIALLAl"{ES, F. V. WAGNER and others.
The writer of the present paper has, also, on several previous
occasions firmly denied a common existence of direct combinations
between the cells, not having found any case of indubitabl ana to-
moses between cell-processes.
As the present paper is just about to be completed, a m moir by
Dr. BERNHARD RAWITZ on »Das centralen Nerven ystem d r
phalen. appears in last volume of »jenaische Zeitschrift.. As it
treats of our subject, I will mention it here.
First, it may be said that the powers of magnification used by
Rawitz do not seem to have been high enough, which he al 0
states himself; to this circumstaJ1Ce may perhaps be ascribed om
of the results at which he has arrived.
Regarding the structure of the ganglion cell , Rawitz suppos
like Buchholz, Hermann, Freud and other, their ontent to con-
sist of two substances, »von den der eine eine netzformig angeord-
neten der andere eine Zahe unter Umstande olartige Tropf< n bildende
Substanz ist, die in den Maschenraum n d r rsteren su p ndirt
ist.« Rawitz's mistake regarding Buchholz's d scription of th
proto pIa m of the ganglion cells, we have aIr ady before mentioned
(note on p. 32). He i' not sur whether the r ticulat d substance is
the real nervous one or, »ob man nicht vielmehr die in Tropfen aus-
fuessende Substanz als die igentlich nervose, die netzformige (Buch-
holz's hyaline) nur als Sti.itzsubstanz anzusehen hat, will ich defini-
tiv nicht entscheiden, mochte ab r. die letztere Auffassung der
Buchholz'shen vorziehen.« As mentioned already, this omparison
with Buchholz is quite misleading, Rawitz has indeed just th'
same view as Buchholz regarding the hyaline substan e, (»in
Tropfen ausfiiessende Substanze., Buchholz's »hyaline Grundsub-
stanz«) which Buchholz decidedly supposes to be the really nerv-
ous one (dr. my report of Buchholz p. 32). As will b n from
my description, I agree with Buchholz and Rawitz in this resp ct.
Rawitz does not think a fibrillous arrangem nt in the ell to
be very probable.
It is very strange, indeed, that Rawitz seems not to know
5
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LEYl>IG's work: "Zelle w~d (;eu;eIJr;", \\'hicb a ppcared, at l~ast, Olll'
and a half )"ear previous to l{;mitis parX.T, and i.-; Inc'ntioned
IJ)" Haller in his paper On the Rhipidogk)ss~: a papL';' \\'hich is
quoted IJy Kawitl, It is So much the more strange, as Leydig in
this work describes the pr()toplaslll ()f the gangliqn cdb quitl- simi:,
arly to J(awitz.
Regarding the shape of the ganglion cells, Ka\\"itz describe::;
unipr!l;ll', biprJlar and ll1ultiprJlar cell,'; apr,!ar ganglion cells dl) not
exist; neither has he obsl:rvcd celb \\'ith pl-'JCCsses originating in thl'
nuclei or nucl<:oli. The largest cells of all the three kinds occur in
the visceral,ganglion, and are motoric, "homolog lind analog clen
\'ordcrhQrtlzdlcn im RUcken:11ark (II:r Verlc!Jl-atL'n.({
,'J Unipolarl: Zellcn im Sinne dn alten Histologice clo exist, a5
\\'c:l1 in inverfcU1'ates as also in thl: spinal ganglia of vertebrates, as
previ()usly proved by the Same J.uth,)!". That Leydig (I S6:;) denies
the cxist<:nce of such cl:lls is of but little importance; "denn ('inmal
hat Leydig in cler citierten Arbeit (vide list of literature I ~G;) dir.:
Canglien nul' in toto, nicht an Schnittserien studit'rt, und clal1n leug-
nen die Physiologcn iilwrhaupt das Vorkommell von nerv()sen Zellen
die nicht mit andercn Zellen in direkter Veri indung stehen, weiI dies
mit del' Theorie nicht in Einklang ZlI bringen ist. Darauf abel'
kommt es allcin all: ob es wirklich nervose Zellen gicbt, die mit
bcnachbarten Zellen nicltt in direkler Yerbindung stehen. Ob del'
Fortsatz sich weitcrhin tcilt, in cin GeAccht feinster Heiserchen sich
CluHiist, ob ctieses Geftecht mit ahnlichen ancIercr Zellfortsatze eine
netzfiirmige VerbincIung eingeht, ist \'ollstandig irrevelant. Es s..:i
<lcnn, class man annimmt, jede einzelne Fibrille k(jnnte gleichzeitig
zL'lltrifugal ullcl zentripetal Icikn. - Nun giebt is abel' nicht bloss
solch' unipolare Z<:Ilen, welche nicht mit ancIeren in ullmittclbarer
Vcrbinclung stchen, wahrelld del' Fortsatz sich in feinste Reiserchen
zerspaltct, sonc](-rn cS giebt auch solche, deren Fortsalz ?illgcfeiU in
den allS dell! GIUl[llion cnlsp,'il1gcndel1 IJerilyheren Ne1~venstmm/l. ?~be'r­
.Qcltt."') In anothcl' place (p. 410) RAWITZ also says: »Die Phy,
siologie mag sich stl-:iuben, so viel sie will, sic muss mit del' Exisknz
1L,irkliclt unipolarer Zellen irll Sinnl' del' alten Histologie rechnen,<l.
1-10\.... much my vie-w differs from that of Rawitz will. I suppose,
become e\'idcnt from my description in this paper (vide sequel), as
also from my previous IJapcl's on ~~[yzostollla, Ascidians etc. \\'hat
is aJlO\'e Cjuuted is, I think, enough to 5110\\' into how many dilemmas
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the olel physiological \'ie\\' of thl functil1n and ombinahon of tILt'
nervous elements has brought histologists.
Ra\\"itl. chides thc~ ganglion cL'11:; accMding to their jHU ~e~SSc'"
into different kinds, as this, bO\\l'n-r, in my opinion. is l,f but littk
importance J shall pay no further attention to it here. This mudl J
shall only say. th3t. \\-hat he calls »Schaltzellellc - which ;.rl' mul-
tipubr cells h3\-ing only 'protoplasmic procesSl's\- (efr. sl'!jud) ann
situatl"cl only in the centr:ll ,i\"C!YCnlletl.« 1) - aI',' in lll:-- opinion
not at all g:1I1glion cells, but cdls belonging tv thc11€I//"oglia_
R:mitz denieS the pre-st.'ncc of any conlH'ctilT ti%uI' in:-:.i de' tIll'
outer neurite'tn-sheath; this is the morc surprising as on the onc
hand neuroglia-cells, accorclin~ to my inH'stig:ltions, occur in great
number in ~MolllIscs. and all the other hand hI: himsclf~ hesides tilt'
,.Schaltl.ellen« abo\"t' fjuoted. describes (p. 422) anJ illustrates (fIg. ,9)
some, in his opinion, remarkable corpuscles Ii-om tllL' cerchral g-:lng-
lia or enio pictorum and Anodonta ;tnatin:l. He ha - not bCl'n abk
to undt:rstalKl the signillcancc of these corpuscles; he ralL~ them
"gcsclmanl.te Kerne«. I do not think thl'rc call bl' much doubt.
but thClt they are the cells which Buchholz has also mentioned, ;md
which I descriLJc as new'oglia-cells in the »clotted substancc'(, _ They
have, certainl~', quite the same appearance and Sl1:Jpl',
Rawitl. describes numerous direct combinations I)('t\\,c('n the
ganglion cells of different kinds. These statements are, howevcr. of
but little importance to me, all much the more th:Jt H.awitz has 110t
employed for his im-cstigatiol1s lenses of vcr)' lligh powers 01" ho-
mogeneous immcrsion; his observ:Jtions cannot therefore Ix con idered
:lS quite reliable in all respects, and especially not in these, where
the best lenses are decidedly quite necessary. if you are to obtain
a position to be able to state anything with certainty_
The processes of the ganglion cells h;l"e, according to I\:lwitl..
numerous "\'arikbse Anschwellungen«, from w11ich extrcillcly slender
fibrilla:: very often issue.
The cell-processes Iw divides into three kinds according to
their course:
I) "Siamm(v,·tsiilze", »die dirckt lind stet::> ungethc-ilt zum peri-
phcren Nervenstamm gehen.«
2) "Ma-rk/m·tsiiize" which penetrate into the: • Marksllhstam~~.
and are, there, broken up into fine fibrilla~.
J} .tll welches sie eingeschaltct simi, um es in scin~r Funktion w ,-erst:ir~cD,
tlnd d:ls sic mit ihren Fortsalun bilrlen helfen.«
5*
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3) "ProtoplasmafortsiUze" which produce the combination of the
ganglion cells with each other. They have the same appearance as
the cell· protoplasm.
The :tStammfortsatzec are rare and only occur in unipolar cells.
The .Protoplasmafortsatzec occur in bipolar and multipolar cells as
well as also in the smallest unipolar ones, which should, conse-
CJuently, completely want ~Markc- or .Stammfortsatzec.
In his description of the ~Markfortsatzec he expresses himself
somewhat indistinctly. JMarkfortsatze«, he says p.416, occur in all
cells, besides those which have a .Stammfortsatzc, and this he says
after having just described cells wanting JMarkc- as well as JStamm-
fortsatze c. At one point he says: :t Die geminipolen Zellen (consp-
quently bipolar cells) haben nur Markfortsatzec. Immediately after-
wards he says: :tKeine Zelle hat zwei Markfortsatze, sondern immer
nur einenc (I. c. p. 416). How this is to be understood is not, I
think, very easy to say.
Immediately afterwards he says, again, that :tdie oppositipolen
ZeUen (consequently bipolar cells) sind diejenigen Gebilde, welche
noch am ehesten als solche betrachtet werden kbnnen, welche zwei
Markforsatze haben. He is, however, disposed to »auch bei Everte-
braten wie bei Vertebraten (cmfr. his previous paper [883 Arch. f.
mikr. Anat. XXI) die oppositipolen Zellen als Nervenzellen sensu
strictiori nicht anzuerkennen, sondern sie nul' als kern- und proto-
plasmahaltigen Interpolationen del' ervenfortsatze resp. -fasern zu
erklaren.« A view in which perhaps I, to a certain extent, can agree
with him; though I have only succeeded in finding extremely few
similar cells or formations.
Rawitz describe, in th Acephales, an arrangement of the cells
som what imilar to what I, on previous occasions, have mentioned in
Ascidiar~ tc. In the outer layer, unipolar cells exclusively occur, in
th middl layer, all kinds of cells, unipolar, bipolar and multipolar ones,
and in th inn I' layer, close to the Jdotted substance« multipolar
II prin ipally occur. This is, as I have previously declared, in
the lose·t relation to what J call the nutritive function of the
prot pia 'mic proc . ,and it ha not, in my opinion, the significance
which Rawitz a cril e to it.
»Der Markfort atz odeI' Hauptfortsatz del' multipolaren Ganglien-
z lIen«, f the Acephales are, according to Rawitz, •das Homologon
d iters' hen Fortsatze del' polyklonen Ganglienzellen im Vorder-
horn de' Riickenmarkes del' Vertebraten.« And he believes it to
be »morphologisch durchau. nebensachlich, ob, \Vie bei dem Axen-
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cylinderfortsatz der Wirbelthiere, ein direkter Ueber ana, od r, wie
bei dem Mark-fortsatz der Acephalen, ein indirekter Uebergang zur
Peripherie durch Vermittlung eines interponierten etz s tattfind t.e
He believes, thus, the unipolar, »geminipolenc and »pseudobipolarelH
cells to be the only ones from which »eine nerv"s Err gung au -
gehen, resp. in denen sie allein perzipiert werden kanne, whilst th
multipolar cells are »Sammelorte fur diese Reizee and tile »oppositi-
polene cells must be considered as »Fas ranschwellungenc (vide I. c.
p. 422).
Regarding .the structure of the »dotted sub tanc e, h arrive at
the result, after having mentioned om previou writ rs: »da tlUr
HALLER die Struktur der Marksub tanz erkannt hat, DIETL di elb
zu ahnen schien, wahrend aile ubrig n Autoren i h mit Bern rkun-
gen wie »Filz feinster Fasernc, »Gewirr feiner Fas rchenc tc. aI.>-
finden.c If RAWITZ had known work such as, for in tance, that f
HERMANN, which he does not seem to know, h would ertainly
have aknowledged that, also, other writers have tri d, and n t quite
without success, to penetrate into this difficult ubject. Rawitz' .
observations are even in some r peets very like thos of H rmann.
RAWITZ adopts Dietl's designation »Mark ubstanze, a it i , in
his opinion, more characteristic than »Punktsubstanze, which h Vf'n
declar s to be incorrect; th reason why he do not, how v r,
say. Upon the whole, I think it a v ry doubtful tiling to give
new designations where an old and well known on i pr nt
and generally used, which is the case her. I think it the mor
so when the new d signation can scarcely be said to b a mar
characteristic one as to the structur ; that it is 0 as to th contents
does not even seem to me to be quit evid nt. »Marksub tanze i
not used for the same r ason that Di tl uses it, viz. becaus it i
situated in th »Marke or centre of the ganglia, but becau it,
according to Rawitz, contains »eine nervenmarkahnliche ub tanz,
welche unt r gevisse Bedingungen die characteristi chen Erscheinun-
gen des Myelin darbietet. e That it really is »Marke or myeline
Rawitz has observ d, I clo not tllink is at all prov d in his des rip-
tion; why may it not be a substance similar to the hyalin sub tance
of the ganglion cells, and, indeed, I suppose it to b th sam"
though one, certainly, a priori, may feel dispos d to suppos
myeline, or a similar substance, also to be pres nt, ven, if not in
the way supposed by Rawitz, i. e. diffusively extend d in th m 'he
of the net-work describ d by him and Haller.
Of the structure of this central » ervennetzc he giv s a de-
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!lcription quite similar to that of Haller. It is a anastomotic net-
work of slender fibrill.:e, which is diffusively extended through the
whole dotted substance, and which is formed by the :tMarkfortsatzec
of the ganglion cells, as also by the :tSchaltzellenc, mentioned above.
The only difference between Rawitz's and Haller's descriptions is:
that Rawitz ascribes to his »Nervennetzc numerous :t Varikositaten«,
whilst Haller does not mention anything similar; they occur at the
points where the fibres forming the meshes unite; they appear :tim
mikroskopischen Bilde als dunkle Punktec; and they are real vari-
oceles and not merely optic products (I. c. p. 429). Besides this
)NervennetzlL and the :tnervenmarkahnliche Substanzc there is, in
the )Marksubstanz«, a third constituent, i. e. slender fibrillce which,
in macerated preparations, may be isolated for long distances, and
which arc also varicose. »Sie sind ausserordentlich schmal aber
nicht smaler als die peripheren Fibrillen. . . . . Sie stellen das Pro-
dukt des centralen Netzes dar, aus dem sie sich ... durch Ver-
schmelzung von 2 oder hochstens 3 etzfibrillen entwickeln.« ...
»Die Fasern seiber treten durch die Maschen des Netzes hindurch,
um vom ihr m Bildungsort zur Peripherie zu gelangen und werden
woW durch die markahnliche ubstanz von den Fibrillen des etzes
isolirt.<t Strange to say, RAWITZ supposes, here, the importance
of this substance to be only isolation, whilst the substance he
found in the ganglion cells, and which he suposes to be similar to
this one, ought, in his opinion, to be considered as the real nervous
substance strictly speaking, and the reticulation in the cells a sup-
porting substance; that is consequently quite a contrary view.
According to RAWITZ, connective-tissue occurs neither in the
central n rvous system of the Acephales nor in their nerves inside
the outer sheaths, and in spite of this statem nt he describes cells,
occuring in the nerves as well as in the central nervous system, so
strikingly similar to those of the neuroglia, or inner neu,-ilem, that
I do not think there can b much doubt about their identity (e. g.
comfr. his » chaltzellen c, :tgeschwanzte Kerne«, round nuclei and
I long nuclei in the n rves etc.).
Regarding the structur of the n rves of the Acephales he says
that :tdi rvenfasern einfach ein primares Bunde! von Axenfibrillen
indo c This is, in my opinion, a mistake, in whkh he, however,
agr with HALLER ancl oth r writers.
Ra\ itz wonder that HALLER did not know the paper by
BELLO, I on the »Tectum opticum cler Knochenfische« (Zeitschr. f.
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wi'>S. Zoo!' Bd. 35) but at the same time he, himself, does not seem
to know the papers b} Bellonci on the nervolls system of inverte-
brates, which would s em to be of even higher importance to his
investigations.
I think it is, indeed, also very strange, that neitl1er Rawitz nor
Haller (nor most modern writers) are acquainted with the xellent
papers on the central nervou system of vertebrates by GOLGI;
they quote a great many other and les important \\ riters, but they
do not seem to know this eminent histologi t who, in my opinion,
has really introduced a new poch in Ollr researches into the trtl·
ture of the nervous system. I)
If we look back at this review of the literature and compare
the statements of the various authors with the r ult of my in-
vestigations, it will be seen that in mo t respects, and the e also the
principal ones, I can scarcely agree with any of them; the author to
whose views I feel most related is LEYDIG. As to the n r -tube
and ganglion cells, we have seen that almost all writers, xcept
Leydig, who d scribe a fibrillar structure suppose the n rve-tubes
to consist of nervous fibrillc.e and interfibrillar substance, and in the
ganglion cell most of them describe a imilar structure, whil·t some
writers describe a reticulation. Only LEYDIG has decisively expr s-
sed himself in favour of the »interfibrillar 'ubstance«, hyaloplasm, bing
the real nervous substance, whilst the fibrilla:: should belong to a sup-
porting substance, spongioplasm. s to the clotted substance, we hav
seen that most writers who have seen a reticulation or librill" etc.
in it, have agreed in calling the r tieulation a nervous n, and the
fibrillc.e nerve·fibrillre. Some writers have certainly describ d a nervous
reticulation as well as a reticulation of conn clive-tissue, but LEYDIG
is the only writer who has deci ively said that the whole reticulation
was of supporting nature, and that the real nervous substan e was
the homogeneous one extended in the cavities of the reticulation.
Though I do not agree with Leydig, he is, however, th author to
whose views my observations are most related, the points in whieh
we essentially differ will be seen in the description of my investigations.
•) Haller cerlainly quotes from Unye1' a pnper hy OoZyi, this is, however,
an old paper (1872) and is relatively of hut little importance when compared with
Golgi's later publications.
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2. The material examined.
For my investigations I have u ed representatives of different
groups of invertebrates as also vertebrates, I have chosen classes as
little related to each other as possible, partly, in order that if I found
uniformity in these classes as to the histological structure, the ob-
servations might be assumed to be of general importance to the
whole animal kingdom, excluding those lower classes which have
not, yet, got a relatively more developed nervous system. The
Echinoderms and Coelenterates I will pay no attention to in this
paper, as T intend to keep them for a separate paper.
A a representative of the lower Molluscs I have chosen Patella
vul,qata, it being a large species which I could obtain in abundance
in the n ighbourhood of B rgen,
Of ChCl!topodes I have examined different species of Nereis, as
well as, also, species of other families, e. g, Leanira, Nephty etc.
Of OligochCl!tes I have investigated Lumbricus ag1·icola.
Of Crustaceans I have particularly inve tigated the Bomar-us vul-
garis, as also, occasionally, Neplwops n01'vegieus and some Amphipods,
f Ascidians I have had for my inve tigation specimen of
Phalusia mentula, Ph. obliq!ta, Ph, venosa, Ph. prunum, Ascidia
scab1'a, Om'ella paraltelogramma, Oiona intestinalis and species of
o'lJnthia.
Of vertebrates, it is p cially those from th lowest stage of
evolution, viz. Amphioxu. lanceolatns and Myxine glutinosa to which
J have paid attenti n. [have, however, al 0, examined other
v rt brate e. g. Gadus morrhua, Tinca vulgm'is, Rana temporm'ia,
Mt's 1lmScltlus, Felix clO'lllesticus, Homo sapiens and even Balenoplera
,·ostrata.
A , howev 1', J int nd to writ a eparate paper on the nervous
sy't m f th vert brate , J will not pay much att ntion to the e
inve tigations on higher v rtebrate in this paper, only so much may
h said, h wever, that J, . very wher , have found the most beautiful
uniformity in relation to most of the observation reported in this
paper.
A' to the n:rtcbrate • r shall c nfine my If to mention ome
ob r\'ati n n Amphioxus and Myxine. r got Amphioxus in
abundanc at aples where. by Prof, DOHRN' extraordinary gen-
era it)'. T wa allow I t tudy at the zoological station. in the
pring of last year in pite of orway having no working table at
th tatian. uite rec ntly I rec ived a package from that tatian
containing numerou spe imens of mphioxu mo t exellently pre-
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served, in different ways, by SALVATORE Lo'BIANCO, For thi , and
many other services, it is a pleasant duty to return Prof. DOHRN
my most sincere and grateful thanks.
Myxine I have had in abundance from the n icrhbourhood of
Bergen (Alverstrommen).
3. Methods of Investigation.
If my researches, in everal respects, contribut I11cwhat to
advance our knowledg' of the minute tructure of th ncn' u
ments, as I hope the) will, and although I, in cveral I' p t, hav'
arrived at re ults very different from mo t other writer , J think
that must principally be ascribed to my method of im estigation, and
especially to the methods employed for fLxing, hardening, and staining.
I have employed fresh isolated preparations, as well a' mac ra-
tions and sections.
The fresh preparation weI', usually, either examincd in Iarg I'
piece (commi sures or nelTe) in the blood of the animal a re-
commended by FREUD (I 82) or they weI' mad in thi' way;
the structures (nerves or ganglia), wcre taken a rapidly as possible
fr 01 the living animal, and th n by help of fine needles I) weI'
tea e I in the blood of the animal, and afterward' examincd a' Clui kly
a' pos ible. \ ery often, al 0, I took as thin secti n5 a po sibl
from th fre h animal, examined them in blood, or tad ~lI1d
isolated the elements from them, by help of ne die, in the am'
fluid. Thc last method i esp cially to be recommcn !ed for su h
Molluscs, . g. Paiella, as have th pedal nerve· ords and nerv 5
imbedded in the strong muscular ma s. A per~ t i 'olati n i,
however, as a rule, not possible in this way, and th I'd 1" macera-
tion becomes necessary.
The fluid recommended by B. HALLER i not bad for the purp sc.
It consists of a mixture, acetic acid 5 parts, glycerin 5 parts, Aqua dest.
1) For this purpose [ would especially recummenrl glass·needles, which are,
believe, originally recommebcled by Strick,,!,. They are cleaner, smuother and,
in se"eral respects, better than any metal-needles. They are, certainly, easily broken,
but they are, also, on the other hanel, very easily maele from a glass·roel, with the
aid of :': gas-jet. If the hairlike extremity of the needle is passe'! through the
flame before II e, a "er)' good point is obtained, blunt enough not to hreak or cut
the elements when cautiously isolated, but still very fIDe and pointed, allowing the
most delicate manipulation.
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20 parts. I treated the structures, cut into as small pieces as possible
with this fluid for one or several hours (sometimes even for a
whole day), then teased them in glycerin (50 o/u) and examined;
or washed out, and stained with ammonia-carmine or picro-carmine; or
diluted hcematoxylin (DELAFIELD'S solution) which I, for many purposes,
can specially recommend, as it gives a very distinct staining, and
the isolation is not very difficult afterwards.
This HALLER's maceration-method is very convenient in many
cases, and is an extremely quick one; the isolation is often possible
in less than one hour, and in such quickly isolated (or stained and
isolated) preparations no change of import in the form or structure
of the elements was perceptible.
Another, and for some purposes still better, method is with a
wcak solution of Alcohol. I tried different dilutions from RANVIER'S
lA1cohol au ticrs« I} (30 %) down to alcohol of 25 % or 20 %
and even 17 % (as recommended by SOLBRIG). I have found the
weaker solutions especially very good. The structures - freshly
cut sections or pieces (always as small as possible however) -
were macerated for one or several days, sometime even weeks,
then staincd in ammonia-carmine dilutcd with an equal quantity of
macerating fluid, for 24 hours, and teased in glycerin of S0 %'
Picro-carmin and DELAFIELO'S hcematoxylin were also employed as
staining agents, the latter agent gives, also, here, when employed
for a short time, good results.
I usually stain before teasing or isolating, because J think it
much more practical, and when one is careful not to employ too
strong solutions, and to dissolve or dilute the staining colours in the
macerating fluid when possible, it does not at all disturb the facility
of isolation in any notable degree.
After having teased the sections or small macerated pieces in
glyc'rin, I always protect them with coverglasses on wax-fe t, in
order that J may improve the isolation, if not sufficient, by careful
knocking on th coverglass with a pencil, or a needle.
He ides the above mentioned methods J have, of course, also
.) Ilow Rawitz arrives at the conclusion he mentions, that Rnnvier's
.Alcohol au tiers«, which cousequently is about 30 0/,,, preserves less perfectly
than the .lilmion recommended by him elf, which contain about 25 0/.. alcohol
or Ie s, nnd how he, in the latter fluid, can keep the preparations for 6 weeks
withouth any defurmation, whilst in the former fluid fungi grew ~fler a few days,
I really do not understand. In my opinion it ollght to be just the contrary, if any
difference is to be perceived in that respect.
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employed the classical. diluted solution of potas imu-biclll'omate
(0.03-0.1 %). Maceration in this fluid for several day ,and tain-
ing in ammonia-carmine diluted with or dissolved in the macerating
flujd I) gives very good preparations. A shorter staining with diluted
luematoxylin may also be recommended. Upon the whole, macera-
tion in potassium-bichromate is a m thod which cannot po ibly b
omitted, if the most delicate structure is intended to be disco-
vered and explored with good results; it certainly one of the
oldest methods but also one of the best.
By the use of am monittm-bicltromate, in very diluted olution
(0.03-0·1 %), results are, I think, obtained very similar to tho e
obtained by potas~ium·bichromate. The cijfference is, at all events,
not so great as to make it nece<;sary to dwell upon it her .
A maceration-fluid which is, I think, for many purpo es very
good, is that originally suggested by LANDOIS, and ubsequently
recommended and described by GIERKE. 2) It con ist of a mixture
of: chromate of ammonium (concentrated solution I part), phosphate
of potassittm (conc. sol. 1 part), sulphate of sodium (cone. sol. , part),
Aqua clest. (20 parts).
The section or small pieces are macerat d for one or several
days, then stained with c£ll1monia-carmine, picl'o-c£tnnine or dilut d
hrematoxylin. The dilution of ammonia-carmine with tlli l11a crating
fluid, as recommended by GIERKE, i , according to my experi n
not possible, as the carmine is precipitated. The isolation by thi
method is a very perfect one. The mor delicat structure' ar ,
however, slightly vi ible, as they become too transparent.
The most important thing in researches upon the hist logy of
the nervous elements is, beyond comparison, to get good sections fr m
well fixed and stained preparations. This is, no doubt, the sur st
and most decisive method. A very careful preparation is, here,
however, of the great st importance.
A splendid fixing, and at the saine time hardening, agent is the
chromo-aceto-osmic acicl (FLE~IMING'S strongest formuln), which for
our purpose affords really excellent results. I have employed both
of FLEMMIr G's formulce and think the strongest one the best. It is:
Chromic acid ] ufo 15 parts
Osmic acid .. 2 % 4 »
Acetic acid . » or less. 3)
I) As recommended hy Gierke (1885, A~ch. mikr. Anal. Btl. XXV p. 447)·
~) I. c. 1885 p. 446.
") Flemming: Zeit chrift I. wiss. :'>1icroscopie Bel. 1. 1884 p. 349·
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success, as I think may, ultimately, probably be obtained. StiLI, I have
also obtained staining here in several groups of invertebrates and,
in further experiments, it may probably be possible to find a modi-
fication of the method, by which it would succeed on a larger scale.
In Homarus I have already obtained very good results; as com-
municated a year ago I) I have tried it on Ascidians, with some
success. In Mollusca, I have also seen so many signs of a be-
ginning reaction that I feel convinced that it is possible to obtain
good staining, if only the most suitable modifications are employed.
This perhaps a near future may enable us to succeed in.
As I am still experimenting on this subject, I shall, for the
present, only quite shortly communicate the method I at present
employ for the spinal nerve-cord of Myxine ghttinosa.
The nerve-cord is cut out of the living animal. It must not be
isolated, but must, necessarily, be taken with the surrounding sheaths,
muscles and corda spinalis if any reaction at all is to be obtained.
It is, however, also necessary to take care that the surrounding
mass is not too thick, because in that case the hardening agents
will penetrate too slowly; the half thickness of the corda spinalis
may, therefore, very well be removed. This done, it is desirable to cut
the preparation into short pieces (one or a few centimetres long) or, if
one wishes to keep it in longer pieces. then, to make, in these, deep
incision with a sharp knife at short intervals. This done, the pre-
parations are laid in a solution of potassium bichromate (2-2·5 %)
for about an hour, then the solution is changed and made a little
strong r (up to 3 % or more). Here they remain for about 24 hours; if
there is plenty of solution it is not generally necessary to change it
again. After 24 hours the preparations are put into a new solution con-
sisting of 4 part of 3 % solution of potassium-bichromate, and 1 part
osmic acid (1 % sol.) in this solution they remain for about three days
(7 2 hours); if there is not sufficient solution, it is necessary to change
it after 1 or 2 days. Sometimes I have also employed solutions with
morc osmic acid (I part osm. ac. [1 %1 and 3 parts potass.-bichr. [3 %j
as recommended by GOLGI) sometimes also with less osmic acid (I part
osm. ac. and up to 6 or 7 parts potass.·bichr.) The good results
of the e different solutions depend much upon ~he temperature
maintained in the rooms where the preparations are kept. After
thr days, or about that time, (the duration must be tested by
re ults) the preparations are directly treat d with silver-nit1·ate. At
I) Na'tlsen 1. c. 1886.
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first it is well to wash them in a weaker solution (.5 %) of silver-
nitrate and then afterward:> place them in stronger solutions (up to
) Ufo)· After one day the staining is generally complet. If one
wishes, however, to keep the preparations for some time b fore cutting
them, they must be kept in a clean solution of silver-nitrate. It i
best, of course, to keep them in opaque bottles; kept in that way
they are not destroyed even for months. If we wish to take c-
tions we may cut them, directly from the silver olution, with a
sharp razor, under alcohol. The ,sections need not be very thin;
when cut, they may be, preliminarily, xamined at onc in glycerin,
if the staining proves to be a good on - i. e. if ganglion c lis \\ ith
all their processes, and nerve-tubes with their ramifications, app ar
quite dark or black on a transpar nt field, - then n VI ection
are made and \\ ashed well in alcohol of about 90 or 96 0/0'
This washing I have usually performed in the following way:
the inferior end of a funnel with a rather wid tube i c10s d with
a plug of cotton so as to form a kind of filter. Th ction are
placed upon the cotton, then the tube of the funnel i filled with
alcohol and another plug of cotton ic; pushed down th \ube to
a certain distance above the sections; the sections are thu situat d
in a small tube-chamber filled with alcohol. When now, howev r,
the body of the funnel is filled with alcohol, a tr am will slowly
filter through this chamber and thus th alcohol in it will b COIl-
stantly renewed. By putting more or I ss cotton into th tub on
may regulate the velocity of the stream through the chamb r. When
the sections ar sufficiently washed (in 4-8 hour) they ar plac I in
absol1,tte alcohol. If there are many sections, th alcohol is chang d
once or twice, Then (after some hours) the sections are place I for
some time (some hours or more, even a day) in pure tu1-pentine which
has to be changed several times. Then they are placed on the slide
in dammar-resin dissolved in turpentine and p1'otected by no coverglasses
if you wish to keep the preparations for a long time. Th dammar
is at once dried in a wannbath or in an incubator, where the
turpentine is very rapidly evaporated and the dam mar becom s quite
hard and smooth; a coverglass prevents the turpentin and other
volatile oils evaporating. If the dam mar i not qllite smooth in
some places after drying, a little more dammar is added to these
places, and the drying repeated. A very goo I method of mounting
is, of course, that recommended by Prof. GOLGr, it is, however,
a little more complicated. Prof. GOLGI mounts th sections, in
dam mar, on coverglasses, the coverglasses are again mounted on
- 80-
wooden slides, in the middle of which square apertures are cut to
suit the glasses.
This is an exellent method and admits of the employment of
oil immersions, another advantage is, also, that the sections can be
examined from both sides, which is often of great importance when
the sections are thick. For many purposes the above mode of
mounting on common glass-slides will however do. The preparations
ought to be kept in darkness when not used. Series of sections
stained by this silver method were obtained in the following way.
A piece of the spinal nerve-cord was disected out from a stained
preparation, and treated quite In the same way as above indi-
cated for the sections: washed in alcohol, transferred to abs. alcohol,
then to turpentine. The only difference is that, I Jet the stream of
alcohol pass quicker over it. From turpentine it is transferred to a
solution of paraffin in turpentine which is placed in an incubator heated
to 560 C. and to which solution paraffin is again added, then into pure
paraffin and then imbedded. The sections are now made at once,
then fixed on the slide or coverglass by collodion, and mounted in
dammar in the above indicated ways. This method may be recom-
mended also for general purposes, even where no series are required,
as it is much quicker and more convenient than the other method
where each section must be treated and mounted separately, though
it certainly does not afford sections with distinct staining of such
pennanency.
If convenient, the sections of sliver-stained' preparations may also
be stained with colours dissolved in alcohol, e. g. eosin, safranin,
methylen-blue etc. In this way very nice looking preparations may
b obtaine \.
There are probably a great many ways in which this really
x lIent method of GOLGI may still be improved, and I would re-
comm nd it to every histologist of the nervous system, for further
xperiments.
Description of my investigations.
I. The structure of the nerve-tubes in invertebrates.
Homaru8 vulgari8.
The nerve-tubes of the lob tel' (Homams'Vtdgal'is) con i t, as i
well known, of an external slleatl~, with nuclei, and a vi cous con-
tents. They have a rather homogeneous and refractive app aran e
with doubly marked outlines when they are examined in the live-state
under low powers of the microscope. I) On application of higher
powers, a longitudinal striation, not very prominent but till quite
distinct, is seen to form an axis in the centr of some large n rve-
tubes (vide PI. II. fig. 12, A & B). This striated axis i, in some
tubes, very narrow (fig. 12, A) and in the l' st of til tub -cont nt
no striation is visible, but only a few lines close t the axi. In
other tubes the striated axis is broader, and more num rous lin s
are seen in the contents round it. In some tubes the striated a.xis
is even very broad (fig. 12, B), and lines are visible almost through
the whole contents except in the peripheral layers; th y do not u ually
occur there or are, at all events, very rare. Upon a careful exa-
mination of several preparations it is, in fact, possible to find very
stage of striation, from tubes with a striation through the whole mesial
parts of their contents, to tubes witil a v ry narrow striated axis in
their centre, in all these tubes it is, however, possible to obs I've a
concentration of the striation towards the entre of th tub s, in such
I) For examination of the tubes in the live-state, I think it is lIest to take long
pieces of the nerves or commissures with their sheaths, as intact as possible, and
examine them quickly in the blood of the animal; a method which is especially
recommended by Freud (I. c. 1882). The oesophageal commissures 1 found to be
very suitable for the purpose as they are not too thick and can be very quickly
extricated. I have, of course, also isolated the tubes in the blood of the animal,




manner that the intervals between the lines are narrower in the
centre than they are more peripherically, and this is all the more
prominent the narrower the axis is.
This striation in some large nerve-tubes is already observed and
described by REMAK, and subsequently to him a great many other
writers have described it, even HJECKEL, who describes the tube-
contents as being homogeneous, has seen it (as mentioned p. 30
foot note 4) in some tubes. FREUD assures us, however, that a
similar striation is visible in all nerve-tubes in a quite fresh state.
In spite of this statement of FREUD's and in spite of the application
of the best lenses (Zeiss's new apochr. lenses) I must confess that,
J have found it extremely difficult to observe a striation in a great
many nerve-tubes. In the greatest number of the slender tubes
and tubes of middle size, and e"en in some large tubes, it required,
certainly, a predisposition to see a striation, and I really think that
an uninterested eye would, in many cases, see no striation, even
when the nerves or commissures were instantly taken from a quite
fresh and living animal, which FREUD states to be a quite neces-
sary condition if a striation is to be seen in all tubes. I have
also, in some rather slender tubes, observed a but little prominent
striation (fig. [2, b) but there are a great many tubes and, as men-
tioned, even large ones which have left me very doubtful as to
their striation in the fresh state.
I do not think this, however, to be decisive as to the fibrillar
or non-fibrillar structure of these tubes in the live-state, because, a
priori, I think it to be very probable that if there are two sub-
stances in the tubes, their refractive difference is perhaps so small
that, when one of the substances is present only in very slender
tilam nts or membranes, the whole contents look as a homogeneous
mas , and that th refractive difference mu t be altered by chemical
(fixing) ag nts if the ubstanc are to become easily visible. That
slich i the ca e, and that a distinct striation becomes visible in all
n rv -tube wh n treated with various fixing agents (chromic acid,
o mic acid, picric acid, ac tic acid, nitric acid, potassium·bichromate,
etc. etc.) i a so well-known fact that it, certainly, need not be
further mentioned here. (PI. II, fig. 15& 16 epresents some smaller
nerv -tube ; macerated for ome hours in glycerine, acetic acid and
water; a triation was distinctly vi ible.)
Almost all writers who have seen a striation in the tubes in
the liv -state have agreed in declaring the darker thin line of the
striation to be nervous fibrillce (» Primitivfibrillen«) swimming in an
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interfibrillar substance, this also explains their anxiety to find a
striation in all tubes. As will be seen from my present paper, I do
not agree with any of those writers, and when the further re ult of
my investigations are known I hope we shall find a reliable x-
planation of the reason why a striation is not more generally vi ibl
than it is.
LEYDIG forms an exception to most other writers in declaring
the dark lines of the striation to spring from a structural upport,
spongioplasm, and not from nervous fibrillce (vide Leydig l. c. 1885,
mentioned before, p. 31). He has no doubt arriv d at a more
correct view than any other writer, but neither i he, in my opinion,
quite correct, as will shortly be seen.
If the view that fibrillce and interfibrillar substance are pre nt
in the tubes, was correct, it ought, in my opinion, to be ea y
to isolate these fibrillce by splitting the tube· heath longitudinally.
This is, however, very far from being the ca e. I have split large
and small nerve-tubes in the fresh state longitudinally and no fibrill~
of the kind were visible, I have teased them very car fully and
some thicker or thinner filaments became vi ible in the xtr mities
of the tubes. I never ucceed d in obtaining, in spit of my mo t
persevering care, neither fresh pr parations nor macerated ones with
brushes of regular fibrillce in the extremities of the tubes similar to
those illustrated by H. SCHULTZE in Molluscs and Annelids. The
filaments or fibrillce vi ible at the extremiti s of the nerve-tube had
always a somewhat irregular appearance, with varying thickn sand
length, and they certainly looked as if they belonged to a supporting
substance and were to a certain extent artificially produc d.
A viscous homogeneous substance, as stated by SCHULTZE, was
certainly also visible between those filaments. This substance never
occurs, however, in such a way that I can say it formed an inter-
fibrillar substance, and was diffusiv Iy extended in the nerv -tube.
At the extremities of the nerve-tubes it always appeared on pr s-
sure in the form of regular small pearls issuing from the tube- ontents.
I never saw it appear in large pearls, not even in the large nerv -
tubes where this substance, according to a gr at many writers,
forms a thick layer surrounding a central bundle of fibrillce. It had,
in fact, always the appearance of these small pearls of viscous
substance issuing from a great many extremely slender tubes or
channels contaning the substance, situated clo e together and
forming the whole contents of the nerve-tubes, and this we shall
see is really the case. The filaments visible at the extr mities of
6*
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the nerve-tubes gave always the impression that they could have
been produced by the sheaths of those slender tubes being' split
longitudinally and thus forming fibrillce. The viscous substance is
certainly very often seen adhering to these fibrillce, but if we look
carefully we will see that it always is in the form of small pearls
adhering to the sides of them; I have never observed pearls quite
surrounding, or embracing. a filament, which certainly ought to occur
occasionally if the filaments were round fibrillce swimming in an
interfibrillar substance in the nerve-tubes.
I have not been able to obtain any further information regard-
ing the structure of the tube-contents from fresh preparations. I)
If we examine macerated preparations we will not become
much wiser, and neither do they suffice to solve the riddle as to
the real nature of the fibrillar structure.
The quickest and easiest method of maceration is that indicated
by BE.LA HALLER (cmfr. p. 73-74). In that wayan isolation of the
tubes is possible even after a lapse of one or two hours; the tubes.
exhibit a distinct sheath. with sheath-nuclei. as well as a distinct longi-
tudinal striation of their contents (fig. IS); a staining is not necessary.
In successful preparations you may find nerve-tubes with extremities
more fibrillar and brush-like than any of those obtained in fresh
preparations. With a good will and skilful hand you can. by
teasing with fine needles, even improve this fibrillar appearance,
nay, you can split not only the tube contents but also the sheaths.
longitudinally into filaments or »fi.bril1ce~. This shows, however,
that these fibrillce can be artificially produced. because most writers
agree in declaring the sheaths to be homogeneous membranes of
connective substance (neuroglia). If we now examine the fibrilla:
und r high magnifying powers we will find them all to have the
arne, somewhat irregular appearance both, those from the tube-
cont nt as well as also those springing from the tube-sheaths. If
we try other maceration fluids (e. g. weak sol. of alcohol, ammo
bichr. 0.03 %. potass.-bichr. 0.1-0.03 %, LANGDOlS'S fluid etc.) we
obtain very similar result. By all these methods we arrive at the
1) III PI. IT fi~. 13 all appearance of the ncn'e-tubes is illustrated which I
have often noticed ill the fresh state, alld which easily could give rise to serious
mistakes. a. It are the hyaline-looking contents of the nerve-tubes (belonging to a.
peripheral nerve); b. b are the sheaths from which septa (c, C, c') aparently issue
and penetrate into the contents of the tubes. These apparent septa are, however.
an optic illusion Dilly artificially pmduced by a slight bending" uf the nerve in
which the nerve-tubes are situated.
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conviction that a fibrillar structure is present but how this structure
is to be regarded, that is the point respecting which we remain
in uncertainty.
There remains then only our last but at same time best r source
and that is to try what information we can obtain from transv rse
and longitudinal sections taken from preparations fi.:xed, stained, and
hardened in the best way our present histological technology can afford.
As a very good method, for this purpo e, I would e p cially
recommend the following: the nerves or commi sur ,taken directly
from the living animal, are treatod with FLEMM[NG' fluid (chI' mo-
aceto-osmic acid, strongest solution cmfr. p. 75-76) for 12 to 24 hours,
then washed for some hours in running water, and tained with alum
hcematoxylin (DELAFIELD'S formula), or in an aqu ous olution of
hcematoxylin (0.5 00), and afterwards tr ated with a solution of
potassium-bichromate (0.5-1 %) as recommend b) HEYDENHAIN
(vide p. 76). Now the structures are wa hed, again and hard ned,
somewhat quickly in alcohol gradatim. Preparation treated in thi
way can, as a rule, be very easily cut into thin sections, directly
enclosed in paraffin only (vide p. 76). Embedding in celloidin or
paraffin can of course also b employed; thi can not, howev 1', b
performed with too great care as we have here to deal with struc-
tures of the most delicate nature.
In preparations carefully treated in thi way, the ncrv -tubes,
with their contents, are fixed in their natural position and state, and
no visible change of the form ha taken place.
If we now examine good and thin longitudinal sections, it will
already, under low' powers of the microscope, be ea. y to ob I've
a distinct longitudinal striation in the larger as well as the smaller
nerve-tubes. The extremely slender longitudinal lin s or »fibrillcec
have got a distinct blackish staining, and are situated with intervals
between them, just similar to what w have found in the fresh state.
The substance in these intervals is not stained, and has a homogeneous
or rather a slightly granular appearance. If now, how v· r, the
stained fibrillce are real fibrillce swimming in this homogeneou un-
stained substance, it is evident that they, in thin transv rse secti ns
of nerve-tubes, must appear as minute black dots or points, just
similar to what, VIG AL for instance, has also really described and
illustrated.
But what do we find? - Instead of black dots, we find in tlte
sections of the tubes a delicate ,'eticulation, with minute circular
meshes, aP1?at'ently formed by e~t"emely slender filaments (fig. 2; fig. 5, t).
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In these filaments we certainly find small dark granules (fig. 6, a)
which, occur however, only in the point or knots where several
filaments unite; they never occur in the centres of the meshes. And
the same reticulation is extended through the whole transverse sec-
tion of every nerve-tube, and fills the whole space inside the
tube-sheat.
H we, now, compare the impressions which transverse sections of
the nerve-tubes give, with those obtained by longitudinal sections, there
can, in my opinion, be no doubt left but, that tke ,,{ibrillte" of most
writers belong to a substance, spongioplasm, forming a bundle af
slender, cylindrical tubes or channels enclosed in the neurilem-sheath
of each nerve-tube. These primitive t~tbes, if we may call them so,
are (illecl with the homogeneous, viscous s~tbstance, hyaloplasm, wllich
we already know from fresh nerve-tubes. I) The granules in the transverse
sections show themselves to be transsected thicker longitudinal fibres
of spongioplasm which, occur especially along the longitudinal edges
where several tubes, usually three, meet. If we imagine the spongio-
plasm as forming cylindrical tubes laid or pressed together, it will
be evident, that the spongioplasmic walls of the different tubes will
unite and form septa, as the spongioplasm cannot, of course, be
considered as a quite solid and unadherent substance; it will also be
evident that, in the corners where several tubes meet the spongio-
plasmic walls will be still thicker. 2)
In this way, I think, we may asily understand why it was so
extremely difficult to isolate and get a clear idea of SCHULTZE'S
.Primitivfibrillen... As we have seen, they do not exist in the way
he has explained; what he called fibrill~, are the spongioplasmic walls
between the real »primitive fibrillce« or p1'imitive tubes as I have
called th m.
Th above description refers to the tructure of nerve tubes,
which ar , I think, in the most primary state.
Ther ar, however, in the longitudinal commissures, as w II as
aloin the p ripheral n rves a great many tubes exhibiting a kind of
conc ntration towards an axis in their centre. - As described p. 8 I,
a more or less concentrated longitudinal striation was visible in the
') The primitive tubes have a diameter of about .0015-.0017 Mm.; their
size vary, h wever, and is very difficult to mea ure.
• ) There occur, however, besides these grannies Inrger dark granules, as well
in trnnsverse section as in longitudinal ones. They are usually ,'ery sparingly spread,
especially near the centres of the nerve-tubes, as will shortly be mentioned and
hey are always iluated in the spongiop!:lsmic walls of the primitive tubes.
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centre of many large nerve-tubes. If we now examine imilar nerv -
tubes in transver e and longitudinal sections we will find that, their
contents con ist of a bundle of slender cylindrical primitive tubes,
quite in the same way as that just mentioned. The only differ nee is
that, their central primitive-tubes have a smaller diameter and thicker
walls, and are more deeply stained than the peripheral onl::, it
seems, indeed, as if they may have been pressed more tightly
together and thus been obliged to occupy a smalll::r pace, a they ha
on the other hand got a firmer consistency, with thicker walls. In
this axis, and in its neighbourhood, larger dark granule , as mentioned
above, also occur more frequently than anywhere I e, which
perhaps contribute somewhat to the darker staining. In ome n rve-
tubes this concentration and forming of an axi is so far d velop d
that it, in transverse sections (fig. 3), appears as a, by osmic-acid
and h~matoxylin, deeply stained spot in the centre of th tub.
In this spot it is not easy to distinguish any structure or primitive
tubes, but in extremely thin sections, and by v ry high p w r, it
is, however possible to see lender tubes with thi k, deeply ·tain d,
walls or membranes in which granules occur. In longitudinal ections
a longitudinal striation appears a in f1g. 4. In one end (fig. 4, a) thi
section has passed through th periphery of the axis and, here, a
striation is distinctly visible; in th other end (fig. 4, a') th section
has, however, passed more through the centr of the axis and, h re,
the staining is 0 deep that almost 110 striation is visible, all th Ie
from the section being somewhat thick.
Usually however this concentration is not so distinctly developed
as here. Nay, we can indeed find ev ry d gree of devclopm nt,
from the primary state where no concentration at all can possibly
be traced to have taken place, up to an axis as described.
Fig. 2, t, t', t" thus represent sections of fibres with different d grees
of concentration, from a very slight one where w can only see
that the primitive tubes are omewhat deeper stained in this central
part than in the rest of the tube and in some nervn-tubes ven this
is not visible (t').
It is the nerve-tubes with such an axi that, previous writers
have called myeloid fibres; with what right w will, on a later
occasion, have an opportunity of examining.
However we consider this formation of an axis; in one tlung
we cannot be in doubt, viz., that the whole contents of the
nerve-tubes, wether they have an axis or not, j f real nervous
nature, because the constructing element in the whole contents through-
- 88-
out is, as we have seen, the "primitive tube"; that is the thread 0
which the whole rope is woven.
In transverse sections of some nerve-tubes, largish vacuoli or,
as it were, primjtive tubes, can be seen (fig. 5, f, t", tm ; fig. 2, d).
These vacuoJi often occur in a peripheral layer just inside the
sheath of the nerve-tubes (fig. 5, t', f'). I suppose, however, this
appearance to be to a great extent artificially produced. In some
cases the whole contents of the nerve-tubes has the same appearance
(fig. 5, t;) and looks as if it were principally constituted of large pri-
mitive tubes, amongst which only some few primitive tubes of the
common size are seen. I do not feel djsposed to suppose this
appearance to be only an artificial and postmortem product, though
I cannot with certainty account for its nature at present.
We have, hitherto, only mentioned nerve-tubes of a relatively
large diameter; these are especially numerous in the longitudinal and
oesophageal com missures, as wiIl be seen from jig. I, which re-
presents a transverse section of an oesophageal commissure. We
find, there, transsected nerve-tubes of very varying diameter. l ) In a
great mallY large tubes (t, t', ta) a deeply stained axis is visible; in
other large tubes (t") no axis is visible. n.t represent somewhat
smaller nerve-tubes running in a thick bundle along the centre of
the commissure. s.nt represent very small nerve-tubes situated more
peripherically.
Large nerve-tubes, usually having an axis, occur very frequently
also in the peripheral nerves, vide fig. 7, t; they have generally, as
will be :;cen, very stout sheaths, and are prominent.
On the other hand there are, especially in the peripheral nerves,
a gr at multitude of extremely slender nerve-tubes; indeed, the
peripheral nerves prin ipally consist of such nerve-tub s (fig. 7, nt).
The e n rv -tub s hav so smaIl a diameter that, I have, usually,
only ob crv d som ~ 'W primitiv tub s inside their sheaths (vide
fig. 8, nt); in a large number of th m J have even detected no pri-
mitiv' tub s, and I b Ii v they are partly constructed of only one
primitiv tube, the sheath of which is, however, much stouter than
th pOll ioplasmic sheaths inside the larger nerve-tubes.~)
The sl nder nerve-tubes are, in most nerves, usually arranged
or united in bundl , and are enclosed in neurilem-sheaths, larger
fa ots r the'e primitive bundles are again enclo ed in larger and
.) \\'e cnn fine! nerve-tubes with a dinmeter of more than 0.140 Mm.; and
\'C an find nerve-tubcs with a diameters of less than 0.003 Mm.
'1) The diameter of these smallest nen'e-tubes measures about .0017 Mm.
stouter neurilem-sheaths, and so on, concentricallr, untill at last the
whole nen e is enclosed in one comtllO" external neu,.ilem-sheath.1)
It is, indeed, verr difficult to tell here where the separation of indi-
vidual nerve-tubes really begins, if we do not, as I have done, con-
sider the smallest tubes with distinct stout sheaths as representing,
each of them, ~ nerve-tube, consisting of orne few primiti\ e tubes
only, or, in a great many cases, of one primitiv tub only.
When we examine a transverse section of a n rve, we will, a
a mle, observe a great many dark granules or dot ; the dot,
appear, however, on closer examination, to be thi k nings in th
tube-sheaths along the longitudinal dges wh re several tube me t
(vide fig. 8, p).
The sheaths of tJ,e "erfJe-tubes. - Our att ntion ha
hitherto been directed to the content of the nerv -tub on I} . \
will, now, before we leave the nerve-tubes of th lob t r, pay a
little attention to the sheath which envelope the contents. Thi
sheath consists of a connective substance which is, in my opini 11,
the same substance as the netwoglia, or »connnctive-tissuec, a many
authors call it, which extends through th whole central ner ou
system of every animal I have had under investigation. Thi
sheath of connective substance, or for the sak of br it}' w
will call it netwoglia-sheath, ha', also, a great resemblanc to the
spongioplasm separating the primitive tubes, and it is, in fact, very
often, extremely difficult to distinguish the two substanc s from each
other viz. the spongioplasm occurring inside th nerve-tubes and the
ganglion cells - as will subsequently be d 'cribed - and th
neut'oglia enveloping the nerve-tube and the ganglion cell with
sheaths or membranes; the two substances are often so intimately
united that it is really impossible to decide wher th lin of de-
marcation can be drawn. There is one difference, howev 1', viz. that
in th pongioplasm no nuclei occur, whilst nuclei occur in th
neuroglia. LEYDIG'S vi w that it is the sam ubstance, spongi plasm,
which p netrates from whithout into the nerve-system and v n into
th nervous elements, is, in my opinion, not yet 'ufficiently well ub-
stantiated. If I had to choose, I would, however, much pI' ~ I' that
theory to VEJDOVSKY'S, according to which the inn I' connective
substance (i. e. neuroglia) is a product originating in th gallgli n
cells; I really do not understand how, in that case, to account for
I) This separation into bundles and fagots is, however, les prominent or not
present at all near the origin of the nerves in the central nerve-system.
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the neuroglia-cells and nuclei, and how they can be produced from
ganglion cells.
In my opinion there can be no doubt, but that the neuroglia is
a separate tissue composed of cells springing from the ectoderm,
just as the ganglion cells spring from other ectodermal cells.
The doubly marked outlines which are visible in nerve-tubes
isolated in the fresh state, but which are specially distinct in macerated
nerve-tubes, are produced by the sheath which, as a cylinder, enve-
lopes every nerve-tube and forms its outer isolating layer. It con-
sists of one or several concentric layers of connective substance or,
as we just above called it, neuroglia, and is easily seen in transverse
as well as in longitudinal sections; the sheaths of large nerve-tubes
are especially very prominent and stout. When there are several
layers; which is generally the case in large nerve-tubes, especially
those of the peripheral nerves; then the innermost layer is the
strongest, most differentiated, and refractive one (vide fig. ] 5). These
concentric layers of the tube-sheaths are seen, in fig. 7, round the
large nerve-tubes (t), and in some peripheral nerves they are very
prominent.
In the sheaths, nuclei occur. These nuclei are, as mentioned,
quite identical with the usual nuclei of the neuroglia; they have an
oblong form, with a granular appearance, and are usually situated on
the outer side of the sheaths (vide fig. 2, k; fig. 5, k; fig. 8); they
occur, however, also on the inside of the sheath, consequently in
the tube itself (vide fig. 4, k; fig. 5, k'; fig. ] 3, k).
Nephrop norvegicuB.
We obtain very similar results as to the structure of the nerve-
tubes on examining Nephrops norvegicus; in this respect Nephrops
so v ry much resembles Homarus that it is really unnecessary to
give any special description of it. We can, in fact, observe, in the
large n rve-tubes, the same tendency towards a concentration of a
sort of a.xis in their centre, though it is not so prominent in Nephrops
as in Homarus, and neither have I observed so narrow and deeply
tained axes in the former as I have in the latter.
In the transvers ections of many nerve-tube, I have ob erved
similar large meshes as those. I have mentioned in the nerve-tubes
of Homarus (cmfr. fig. 5, t l ). They had often a very regular ap-
pearance and looked as if they really were large transsected primi-
tive tube .
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In the Annelids we find a structure of the nerve-tubes very
similar to what is described in Homarus.
Polychretea.
As representative of the Polych<etes I have examined sev ral
species of Nereis (N. virens, N. pelagica and others) and also,
occasionally, Neplltys, Leanira etc. and can only ay that, in them
all, I have found the same structure of the nerve-tub s r peating it elf.
In the Nereida, to which I have especially paid attention, we
find nerve-tubes of every thickness, ran<Ying from th two gigantic
nerve-tubes running along the centre of the ventral n rve-cord (vide
fig. 14 and fig. 10) down to nerve·tubes con istina of only one pri-
mitive tube, like what is described in Homaru . I)
. The minute structure is, of course, easiest to study in the larg r
nerve-tubes. If we examine them under high pow r' of the mi ro-
scope, in good preparations,2) we fino that quite similar primitive
tubes constitute their content , in the ame way as described in re-
spect of the nerve-tubes of Homarus. The differ ntiation in primi-
tive tubes is, however, not so distinctly marked nor so a ily . 'n
as it is in Homarus, perhaps, partly, becau e the primitiv tube
h3.ve a smaller diameter,3) partly, because their pongiopla mi
sheaths or membranes are thinner and less distinc.t. In fa t, it often
requires the best, lenses, and very carefully prepared preparation,
to see any structure in the contents, and thi is evidently the r ason
why so many authors have not under toad thes tru lures, and
have supposed these large nervetubes to be lymphoid v· s Is tc.
Of a concentration towards an axis, there an: only very slight incli-
cations in some rather slender nerve-tub . The large nerve-tub s
(»gigantic fibres~) have always primitive tubes, only slightly marked,
and of the same size and appearance throughout. Fig. 10 rcpre 'cnts
the central part af a transv rse section through the ventral ncrv -
cord, where one of the two central largest nerve-tubes (t) ( f th
other only a small part is seen), al<;o some more ventrally situat I,
not so large nerve-tubes (it,~, la) and a great deal of thc surround-
ing small nerve-tubes (nt) are seen. Fig. 9, b represents a longi-
tudinal section of one of the largish nerve-tubes (cmfr. fig. I 0, ~);
I) ] n my preparations ] have found nerve-tubes with diameters measuring'
from .030 Mm. down to .0018 Mm.
2) For this purpo e the same method of fixing etc. can be rccommencled as
we have recommended for the neve-tubes of I [omarus (vide p. 85).
3) ]n my preparations I have g-enerally found the diameter of the primitive
tubes to be about .001 2 ~lm. or les .
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nt represents smaller surrounding nerve-tubes. As will be seen.
there is, in these tubes, a longitudinal striation quite similar to what
we already have experienced in Homarus.
The nerve-tubes of the peripheral nerves have quite a similar
structure to those of the ventral nerve-cord.
The sheaths ot the nerve-tubes are formed by the neuroglia,
in the same way as they are in Homarus (cmfr. fig. 10); they are.
however, not so stout, and nuclei occur very sparingly in them.
L umbricU8 agrico a.
In Lumbricus, the nerve-tubes in the ventral nerve-cord have a
more uniform and relatively smaller size (the three -gigantic nerve-
tubes« except d [fig. I I, t, t, t.J) than they have in the ventral nerve-
cord of the Polychcetes examined; the nerve-tubes have, however,
a quite similar structure, their contents bing composed of the same
elem ntary constituents, viz. the primitive tubes, which certainly have
a small diameter, but are, in the small nerve-tubes, only present in
limit d numb r; in some cases nerve-tubes consist of apparently
only one primitive tube; it i consequently somewhat similar to what
is d scribed in erei and Cru taceans.
The nerve-tubes have neuroglia-sheaths which are very prominent
in osmic-hcematoxylin preparations, vide fig. I I, nt.
The nerve-tube of the peripheral nerves have a quite similar
structur to tho e of the v ntral nerve-cord.
In th ventral nerve-cord of Lumbricus, th re are, as is well
known, thr e large tube running, dorsally, through the whole length
of the nerve-cord. Th se tubes, which are gen rally called "CLAPA-
REDE'S gigantic ncrv ·fibre «, have giv n ri e to much dispute and in
th vi \\'s of the various writ r very different functions ha\ been
attributed t them. orne writer ha e called them upporting rods,
th function of which is to give support and rigidit) to the ventral
n rv - ord under th many mov m nts of the animal; that is, for
instan , VEJnO\'SK\"S view; other writers, again, consider them as
h molog us with th corda !'pinali of the vertebrates; some writers
call th III v . cl , et . etc., and finally a great many writer call
them ncrv ·tub . Lat Iy, LEYDIG ha published a paper on this
subjt: t (I. . 1886) in which h very :mphatically maintains their
ex lu ively nervouS nature.
After ha\'ina xamin d their structure, I do not think there can
b any doubt that LEYDIG i right, and that VEJDOYSK\', who ex-
pr e him elf with 0 much self-confidence, i ntirely wr?ng. It
wa indeed to be hoped that tho e organs miaht at la t enJoy that
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rest wich they so well deserved and that they might now be left in
peace in the rubric of nervous elements.
Seeing that, comparatively, few authors have been in doubt as to
the nervous nature of the large nerve-tubes of the Polych te, it i really
very strange that there has been so much disput about the e organ
in Lumbricus. - If we examine them closely under high power of
the microscope, in carefully prepar d section , we will, in tead of the
homogeneous contents usually de cribed in them, find a cont nt
with quite the same structure as above describ d in the large nerve-
tubes of ereis, it being composed of a larg bundle of p,.imitive
tubes, the spongioplasmic sheaths of which are, how v r, v ry thin
and but little differentiated; the primitive tube are thu xtrem ly
difficult to observe, and this is naturally the rea on why no author
has noticed any striation in these large tube , and why th ir cont nt
has always been describ d as being homogeneous.
I have not been able to find any pongioplasmic reti ulation or
septa, similar to what LEYDIG has described and illustrate I (I. c.
1886 p. 594). I cannot therefore explain their absence in any oth r
way, than that his preparation have not been quite ucce ful, th r'
may, perhaps, have b en some irregulariti s in th m produced by
hrinking of the tube-content , which in leed very oft n happ n ,
especially in those thick tubes. From my own sad experienc ,I an
testify that it ometime happens in spite of an appar ntl) v ry
careful preparation. Judging from LEYDIG'S illu tration J hould
also say that such ha been the case.
The whole contents of the thre nerve-tubs con i t of primitiv
tubes, having the sam ize and diameter throughout, as will b cn
in fig. 1 I, and no concentration towards an axis i vi ible in the
centre of th m. I)
The sheaths of the nerve-t~,bes. - The thre large n rvc-
tubes are surrounded by v ry thick and promin nt n uroglia-sh aths
con i ting of many layers or membran of conn ctiv sub tance.
When LEYDlG says that th y ar clo Iy surrounded by ev ral
slender nerve-tubes, h is scarcely quite corr ct. r have certainly
observed n rve-tubes b tween them, and in th n uroglia surr und-
ing them, but they ar scarce, and, in my opinion, th three larg'
n rv -tub . arc principally surrounded by connectiv sub tanc, r
neuroglia, forming thick sheaths round them. This n ur glia d e
not, however, differ from the n uroglia of the re·t of the nerv us
system, in anything, else than that it occurs in thick r layers than is
1) ] n my preparations the diameter of the primitive tube mea. ure<l ahout
.0016 Mm.
generally the case, and is more sparingly mixed with nervous ele-
ments. As will be seen In fig. II, it has, also, an appearance some-
what different from the rest of the fibrillar mass, exhibiting, as it
does, a prominent disposition to form concentric layers or mem-
branes round the tubes. Between the tubes may also be seen septa
(fig. I I, s), apparently of the same substance, issuing from, or rather
adhering to, the neurilem-sheath or perineurium, enveloping the
ventral nerve-cord inside the muscular layer (fig. I I, m). In the
neuroglia-mass surrounding the three large nerve-tubes nuclei occur
very often (fig. II, k), they are oblong, have a granular appearance
and are quite similar to the common neuroglia-nuclei.
The MollU8ca.
Judging from the latest descriptions of the nervous system ot
the Molluscs, we should expect, here, to find very extraordinary
conditions. HALLER assures us that there exists no connective-tissue
within the nervous system of the more primary Molluscs (Chiton,
Patella, Rhjpidoglossa etc.) and that there really exists no nerve-fibres
or, as I call it, nerve-tubes only »Primitivfibrillen« whjch unite in
large bundles to form the peripheral nerves. The same statements
are quite rec ntly made by RAWITZ (as mentioned p. 70) as to the
nervous system of the Acephales; thjs latter writer seems, however,
in these as well as other respects, to walk very closely in the
footsteps of HALLER.
It was therefore with no small interest that I began the investigation
of this group. I chose Patella vulgata for my purpose, because it
was 011 the one hand a large species, and a rather primary mollusc.
and on th other hand I could get plenty of it, here, in Bergen.
I mu t confess, I had some doubt a to the correctness of BELA
HALLER'S statement that no connectiv -tissue (i. e. neuroglia) existed,
and my res arch s have not at all dimini hed my doubts; on the con-
trary, I f, und a well developed neuroglia, with neuroglia-nuclei of the
typi al form, and sheaths enclosing nerve-tubes. This neuroglia is,
how v r, not so well developed as we have seen it in Annelids and
rustaceans. It took me some time, therefore, to come to a full
understanding of the real structure of the nerves and the nerve·tubes.
Fresh isolated nerves, as well as nerves macerated in different ways,
I could, u ually, though always with some difficulty. split up into
fibrill<e, which, how ver, varied somewhat in size (fig. 17)· In
sections, longitudinal as well as transver:ie, I came to similar results,
and could really dj tinguish longitudinally running darker stained
fib riII<e, of omewhat varying size; in transverse sections they
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appeared as dark points; in longitudinal srctions as dark lines,
and in oblique sections I could see them as short semi-erect rods.
There could be no doubt that real fibrilla: of ome kind w r~ pre-
sent, and I was almost disposed to consider HALLER' description
of the nerves, as consisting of bundles of »Primitivfibrillen([, to be
right. Besides these fibrilla: I could, however, in trans\'erse tion
see a reticulation, as if produced by transs cted tub ; in thi. re-
ticulation the trans ected fibrilla: were always situated in the walls
of the meshes, and especially in tlle junctions of th wall of sev ral
meshes (i. e. nerve-tubes) the whol had, consequentl), omewhat
of a resemblance to transverse ctions of n n es of Annelid and
Crustaceans. I could, howe, er, in preparation obtained in my u"ual
ways come to no certain result. There wa . besid s, al 0 anotller
circumstance which ma Ie me certain that tllOse fibrilla~ could not
be real nervous fibrilla: as HALLER and RAWITZ suppose, tIus was
their taining, which wa quite that specially pt:rtaining to n uroglia.
Finally, I succeeded in finding a method f preparing the n rves
which gave a quite cl ar idea of their tructur. Thi m th den-
sists in treating pieces of Patella (the pedal mu cular di c in whi h th
pedal nervercords are imbedded) for about 48 hour in 0 mi acid
(I 0/0) then washing tllem, afterwards cutting them and taining th
sections as described above (p. 77).
Examination of sections obtained in tlli way I ft no d ubt as
to the structure of the nerves; they contain nerve-tube having di-
stinct neuroglia-sheaths, in which thicker longitudinally running fibr <;
are situated (cmfr. fig. 19).1) The e neuroglia-fibres ar the »Primitiv-
fibrillen« of HALLER and RAWITZ. Besides this, there occur tout l'
neuroglia septa ornginating in th outer neurilem-sheath. They
ramify and divide the nerve-tubes into larger or smaller 1 undies
(fig. 19, s, s'). Fig. 19, k, k are nuclei occurring in these neu-
roglia-septa.
The nerve-tubes are of somewhat varying size, and ar u ually
slender and seem to contain but ~ w primitive tftbes. I m a ured
nerve-tubes having a diameter of .002-.006 Mm. In some nerves
the nerve-tubes are, however, much smaller. Fig. 20 is, for instance,
') A glance at the origin of the small lateral nerves (l' and b' (fig. J 9) ~ives
a very clear idea of the structure of the nerve-tubes. 8', 8' are the neuroglia-septa
which eparate the bundles of nerve-tubes, forminlt these small nerves, from the rest
of the great nerve. In a and b some of these ner\'e-tubes are transversally trans-
sected in a' and b' they are longitudinally transsected. It is very distinctly see
that the .fibrilla:- in fact belong to the tube-sheaths.
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an illustration of a longitudinally transsected nerve, drawn under
higher powers than fig. 19. The nerve-tubes are, however, narrower
in fig. 20, than they are in fig. [9 (cmfr. a' and b').l)
The reason why the longitudinal neuroglia fibres in the nerves and
pedal nerve-cords are isolated in macerated preparations is, evidently,
that they are stouter and stronger than the rest of the tube-sheaths,
and thus are separated from them. In carefully treated macerated
preparations it is, however, possible to see the nerve-tubes. Fig. 17
and I8 represent, for instance, such preparations, where nerve-tubes
with a longitudinal striation are distinctly visible, and even to some
extent isolated; an isolation of them is, however, as a rule, extremely
difficult, for the reason just indicated above. In the extremities 0
these nerve-tubes we can see, in some of them, isolated fib rillce,
which, partly, are neuroglia fibrillce, partly, spongioplasmic fibrillce.
Pearls of hyaloplasm are adherent to the sides of them (fig. 17, a, b, a).
T.he Aacidiana.
Finally, I will here mention a group of invertebrates which some
time ago were the subject of my study, the results of which I have
hitherto only given in a preliminary report (1. c. 1886). This
group is the Ascidians. The peripheral nerves of the Ascidians
have a structure very similar to what is described of the peripheral
nerves of Homarus (cmfr. fig. 7), exept as regards the large tubes;
those do not occur in the Ascidian-nerves.
The whole nerve is, in the Ascidians, divided by the neuroglia,
or inner neurilem, into large bundles, these are again divided into
smaller and these, again, into still smaller bundles, the subdivision being
repeated until we at last arrive at the nerve-tubes, which are very
slender, and contain but few primitive tubes; a great many nerve-
tubes seem to consist, even, of only one primitive tube, something
similar to what we have described in Homarus. Very often, it is
even very difficult to decide what are only primitive tubes, and what
are nerve-tubes, and again what are bundles of nerve-tubes, as then~
is often seen, in transverse sections, a subdivision into smaller and
smaller tubes, and, the higher and higher we employ the powers of
the micro cope the more and mOre do we trace out minute tubes.
At last, however, under very high powers we are able to observe
1) Sometimes large vacuoles are seen in transverse section of nerves (cmfr.
fig. 19, c, cl); whether the. e vacuoles really are transsected nerve-tubes I am not
in a position to decide at present.
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orne very slender tubes inside which no subdivision is visible, and
these we must supose to be the primitive tubes, a small bundle of
which generally forms a nerve-tube.
Fig. 21, which represents the transverse section of an anterior
nerve of Phallusia venosa, will, I hope, give easily, at a glance, a
correct idea of the structure of the peripheral nerves of the Ascidians. I)
Fig. 22 represents a part of a longitudinal section through a nen e,
seen under high powers of the microscope; the primitive tubes are,
here, visible, being transsected in their curved course, the curvature
in which arises from the contraction of the nerve. ts, ts are tlle
sheaths of the nerve-tubes. Some of them (a and b) ar tout r
and more prominent than the others, those are probably trans ected
neuroglia-septa enclosing bundles of nerve-tubes. In on of the e
septa is seen a neuroglia-nucleus (n).
The division of the nerve-tubes into different smaller and larger
bundles is, in the Ascidians, as well as in the Mollusc , Cru taceans
etc. less prominent near the origin of the nerves; close to the nerve-
roots there is, in the Ascidians, scarcely any division visible, and a
great many of the nerve-tubes appear, even, to be broken up into
nerve-tubes of a much smaller diameter; the reason of this appearance
we will in a later chapter have an opportunity of discus ing.
The structure of the nerves of the Ascidians reminds much of
what we have found in the Molluscs. The nerve-tub s ar separated
by only very thin sheaths (cmfr fig. 22, ts) in which thickish fibres
are situated, especially along the concreting longitudinal edges; in
transverse sections these fibres, when transsected, appear as dark r
dots, situated in the corners of the meshes, and are produced by
the transsected sheaths of the nerve-tubes (vide fig. 21).
Summary.
The results of, these, our researches on the minute structure of
the nerve-tubes of various invertebrates, we may, I think, assume to
be applicable to the nerve-tubes of all invertebrates of such a high
organisation as to posess a well dev loped nervous system, i. e. all
invertebrated bilaterates. From LANG'S memoirs, w may gath r
that the Polyclades and Trematodes have nerve-tubes of the same
type described in this chapter (cmfr. p. 52-54); from FRAIPONT'S
1) The primitive tubes are not seeD in this illustration.
7
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memoir on the Archiannelids we may gather that this is the case
also in those animals (cmfr. p. 57), etc. etc. J)
f the results of our researches we may therefore give the
following summary:
I) The nerve-tubes of the invertebrated bilaterates consist of an
external consistent sheath with a viscous content-s.
2) The sheaths are formetj by, or belong to, the connective sub-
stance xtending through the whole nervous system, and which I
call neuroglia. 2) In these sheaths nuclei (neuroglia-nuclei), occur more
or less sparingly.
3) The contents of the nerve-tubes consist of p"imitive tubes,
which are extremely slender tubes or cylinders, separated from
each other or rather formed by membranes or sheaths of a firm
supporting substance, spon.qioplasm, very much resembling the neu-
roglia-substance; these slender cylinders of spongioplasm contain a
hyaline, viscous substance, hyaloplasm, which is the real nervous
substance, and which very often is exuded from fresh isolated nerve-
tubes in form of small hyaline pearls.
Fibrilla;: and fibres, as most writers describe them, do not, con-
sequ ntly, in my opinion, exist.
4) A concentration towards a kind of axis is visible in a great
many largish nerve-tubes of Romams and Neplwops; this axis may
be mol' or less narrow, and con ists of a bundle of c ntral primitive
tubes which have touter spongioplasmic sheath and smaller diame-
ters than th other primitive tubes. A similar concentration in the
entr of the nerve-tube can, a a rule, not be observed in the
other animals examined; only a slight indication of it, I believe t6
hav b T\'ed in some n n'e-tubes of r\'ereis.
2. The structure of the ganglion cells, and their processes,
in invertebrates.
Hom a rUB v U gar i B.
Th~ contents of the ganglion cells of the lobster consist of
l1ucl u and protopla m enclosed in a thicker or thinner membrane
or heath.
') In lp.ostoma I hn\'l~ previously indicated a imilar structure.
2) In my memoir on Myzoslollla (1885) I ho,\'e callerl it -the inner neuri-
I m-. n menlionetl before.
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These membranes or sheaths of the ganglio,~ cells have
the same structure as the sheaths of the nerve· tubes, and are formed
of the same substance, viz. the nem'ogUa; nuclei, ha\ ing the appear-
ance of common neuroglia-nuclei, occur frequently in them. and are
generally adherent to their outer side; I have seldom obsen'ed nuclei
situated on the inner side as described of the nerve-tubes. The
sheaths, enveloping the cells, very often consist of several larers or
membranes, similar to what is described of the sheaths of the
nerve-tubes.
I can not decide, whether inside these larers of neuroglia-sub·
stance there also occurs a thin membrane, spongiopla mic membrane
(different from the neuroglia-sheath), belonging to and arising from
the protoplasm of the ganglion cells. \ It would, consequently, b a
»cell-membrane« as many writers describe it to be, but the existence
of which other writers deny. I) The importance of such a membrane
existing, or not existing, is, however, in my opinion, not gr at as
may be seen from the subsequent description of the structure of
the cell-protoplasm.
When several writers deny the existence of a cell-membrane,
as well as a membrane of connective substance, I think that must
arise from their examining macerated preparations, and imperfectly
stained sections. In macerated preparations, it is often v ry difficult
to distinguish the enveloping membrane from the cell-protopla m, it
having a concentric striation which is very similar to the outer
layers of the protoplasm; neuroglia·nuclei are, however, u ually ad·
herent to its outer side and indicate its real neuroglia nature
(cmfr. fig. 23, n).
In successfully stained sections, e. g., sections stained with
HEIDENHAIN'S hcematoxylin·method (vide p. 76), the neuroglia mem-
branes are, even under the lower powers of the microscope, distinctly
visible (fig. 24-29). In such preparations, these membranes al 0
appear to be intimately connected with the neuroglia-reticulation
extending between the ganglion cells (emfr. fig. 24), and they look as
if they belonged to that substance, which, in my opinion, is also
1) If such a special spongioplasmic membrane occurs, which is, ill my
opinion, not improbable, it would, I think, be so intimately connected with the
surrounding neuroglia-membranes (cmfr. my subsequent description of the cell-
protoplasm Dnd ils reticulation) and have an appearance so perfectly similar to
them that, I cannot understand how authors, 'working with macerated preparnlions,
can describe special cell-membranes as being different from the surrounding
~connective-tissue' membranes.
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the case, as will also be subsequently referred to. In some parts of
the ganglia, where small ganglion cells are situated closely together,
the neuroglia-membranes form cavities in a similar way as the
waxen-walls in a honeycomb, anu one ganglion cell is situated in
each cavity (vide fig. 40).
The membranes also extend into, and envelope, the processes
of the ganglion cells (vide fig. 26). Round the processes of a great
many cells, sheaths of a quite peculiar structure occur, these sheaths
will be mentioned in the description of the processes.
The pro toplasm of the ganglion cells of the lobster has
been described in different ways by the many authors who have
treated the subject. In one of the later and more important me-
moirs on this subject, viz. that by FREUD (1882), it is, as we have
seen (p, 34), described as consisting of two substances, a reticulated
substance, and a hyaline viscous substance.
FREUD has specially examined ganglion cells in the fresh state.
I have also examined them in the fresh state, but could not arrive
at a lucid conclusion as to the structure of their protoplasm, neither
could cells isolated by maceration afford much better information
in this respect.
I saw a kind of reticulation, as described by FREUD. This re-
ticular appearance was especially distinct in macerated preparations
(cmfr. fig. 23) the meshes having a circular shape (they have be-
come too distinct in fig. 23; the illustration not being a successfull
one); I could, however, not convince myself whether this appearance
was really produced by a substance having a reticular structure or
not. Besides this reticulation I could generally to some extent trace
out a concentric striation (cmfr. fig. 23, it was, however, never so
di tinct as it appears in the illustration).
n examination of carefully prepared sections I) somewhat more
light wa , however, thrown on the subject, though I must confess
that there are several points in which I could still wish to come
to mor clearne s.
Fig. 24 is a part of a ection through two large ganglion cell'
in an abdominal ganglion. We can there see that the membrane
(em) enclo iog the cell are stout, and are very distinctly marked.
I) The be. [ preparatiC'n.mclhod for Ihis purpose 1 found to be, fixing in
'hrol/lo.acelo.osmic (leid and staining with Heidcllhain s hrematoxylin {cmfr. p. 76\
or fixing in Lang's sublimate·solutiun and staining in Heidenhain's h:ematoxylin
(cmfr. p. 77). To give Ihe prepllrations, "fterw<lrds, <I nuelellr staining by Delafield's
hremlltox)'lin is <I very good practice (cmfr. p. 76).
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In connection with these membranes we find, however, a very
strange structure. In B it has the appearance as if a series of deeply
stained oblong corpuscles were situated along the inner side of th
membrane. Upon closer examination we will see that these cor-
puscles are, as a rule, connected with the membrane by very
slender filaments. In some cases these filaments are even very thick
and the dark corpuscles appear thus to be transsected fibres or septa
issuing from the membrane (cmfr. fig. 24, b). On the other side
we will, on close examination, find slender filaments issuing from
the inner extremities of those dark corpuscles or fibres and pene-
trating into the protoplasm of the cells; indeed, we will see that
they anastomose and form a reticulation, extending through th
cell-protoplasm and distinctl) visible in its outer layer. The
meshes of this reticulation ar also largest in the outer la) ers near
the surrounding membrane (vide fig. 24). They have, here, very
often, an oblong form, going in a radiate direction towards the centr
of the cells, and having, sometimes, the appearance as if the meshes
were formed by filaments radiating from this centr to the surround-
ing cell-sheaths; in fig. 24 B such an arrangem nt i very di tinct.
Within these large meshes smaller meshes are generally een (fig. 24).
These smaller meshes have, however, a somewhat different appear-
ance, they being not so distinctly visible; I am not sur wheth r
they are formed in quite the same way.
Towards the inner part of the cell-protoplasm (which i more
deeply stained) the meshes of the first mentioned r ti ulation be-
come much smaller and become similar to the small me h ju t
mentioned, indeed, they cannot be distinguished from each oth r.
The meshes are so narrow that they are visibl only under the
higher powers of the microscope, and, ven then, not very distinctly;
in small cells they are especially very difficult to observe.
In the filaments of this reticulation, granules and thickenings
occur, giving the cell-protoplasm, seen under lower powers of the
microscope, a granular appearance. These thickenings ar , esp cially
in the large ganglion cells, very prominent in the outer layers of
the protoplasm.
In the small meshes of this reticulation, a hyaline substance is
suspended, very similar to the hyaloplasm of the nerve-tubes.
The question which now, as regards the reticulation, very na-
turally forces itself upon us is, whether is it a r al spongy reticulation
extending through the protoplasm of the cells, or is it a reticulation
produced by a transsection of tubes in the same way as we have,
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seen in the nerve-tubes. My opinion upon this point is, that this reti-
culation is, to some extent, a real one having partly a quite spongy
structure without the formation of tubes; to some extent the latter
must, however, also be the case, as we shall soon see. The substance
forming the reticulation has, as mentioned, a great resemblance to
the sheaths of the cells as regards its staining etc., and it is, in my
opinion, the same substance which forms the sheaths of the primi-
tive tubes in the nerve·tubes, viz. spongioplasm.
Before we subject the significance of this subsL.nce to a further
examination I think it will be well to look somewhat at the struc-
ture of the processes of the ganglion cells and their origin in the
cell-protoplasm.
The contents of the processes, within the cell, its
strttcture and origin in the cell-protoplasm. - The ganglion
cells of th lobster are, as a rule, unipolar; if they have several
processes, there is always one of the process which has a special
appearance, and which is the real nervous process; if other processes
are present they are, as I call them, protoplasmic processes, and
they hav , in my opinion, a nutritive function, as will be subse-
quently mentioned.· At present we will only consider the structure
and origin of the nervous process. I)
In w II prepared sections, a distinct longitudinal striation of these
processes is easily observed. On observation of transversally trans-
s cted processes, it is seen that this striation i5 produced by primi-
tive tubes having the same structure, and constituting the nervous
processes in the same way, as described of the nerve-tubes.
As r gards the staining, the contents of the nervous processes
differs from the protoplasm of the ganglion cells; the latter having
g nerally a much dark r taining. This difference is, for in tance,
ry prominent in fig. 37 & 38, wh re the contents of the longitu-
dinally tran sected proc s es have a v ry light staining and a distinct
striation.
The origin of the nervous proc es differs somewhat in the
various cell. In fig. 26 it has the appearanc ,a if the contents of
th n rvolls process arises from a convergence of primitive tubes from
the whole body of cell-protoplasm, in which they have a uniform
xten ion, and to which they generally give, to some extent, a con-
') 1 have in reality, never observed a multipolar ganglion cell of quite in-
dubitable multipolar hape. in Ihe nervous sy tem of the lob ter. 1 am afraid that
it has very often been neuroglia-fibres issuing from neuroglia.sheaths which have
j.,';ven rise to descriptions of multipolar ganglion cells.
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centric stnatlon. Some of the primitive tubes we can in many pre·
parations even trace, for some distance. in their course through the
cell-protoplasm, of which they are not, as we have previously se n
(cmfr. reticulation described p. 101), the only constituent, but of
which they are, however, a principal part. I) These primitive tub s
have the same structure and diameter as those we have des ribed
in the nerve-tubes; they con ist of hyaline contents, hyaloplas'/ll ,
envelop~d in sheaths of spongioplasm, which has the 'arne t.:'lining
and appearance, and is evidently the arne substance, a that pre-
viously described (vide p. 101), as forming the reticulation in tJ,c
cell-protoplasm. In fig. 27 and 28 it is very di tinctly seen that
these spongioplasmic sheaths ot the primitive tube are intimately
connected with the peculiar peripherically situated fibre - (fig. 27, b;
fig. 28, b) issuing from the urrounding neuroglia-m mbrane.
\ In a great many ganglion cells these primitive tubes have not,
however, such an uniform extension through the protoplasm as
illustrated in fig. 26. In the large cells th yare generally united
to bundles, distinctly distinguished from the rest of the protopla m.
In successfully stained sections,2) where they are tran versally tran -
sected, they are distinctly visible as larger or smaller light areas
situated in the deeply stained protoplasm. Very often, when the
bundles of primitive tubes circulating in the cell.protoplasm are
numerous and small, we get sections having the app arance illustra-
ted in fig. 25 and 27.
In ganglion cells containing such bundles of primitive tubes irclllat·
ing in the protoplasm, the nervous process arise in uch manner that
the bundles unite to form the process, as ilillstrat d in fig. 27 and 25.
This union takes place generally within the cell-protoplasm, and the
contents of the nervous process has then, for some distance, an un·
divided course through the c II· protopla m, and can be tra ed as a
large light area through a series of transverse sections (cmfr. fig.
28 and 29). It is surrounded by thicker or thinner deeply stained
fibres (fig. 28, sand b; fig. 29, sand s') of the same substance as forms
the reticulation of the protoplasm (cmfr. p. 101). orne of these
1) That it really is primitive tubes, with slightly 'tained hyaline cuntcnts, and
not .fibri1l;e. which circulate in the protoplasm of the ganglion cells, is easily
seen in preparations deeply stained by ha:matoxylin (e. g. fig. 37); they are distinctly
visible as light concentric lines where they are longitudinally tr:lnssectcd (cmfr.
also fig. 38).
2) The fixing method and staining described p. 76 and p. 85 can especially
be recommended for this purpose.
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fibres are, in some sections, seen issuing from the sheath of the
ganglion cell. Similar fibres can also be traced into the prosesses
(fig. 27, b) where they have a longitudinal course (fig. 30, sf', sl"). Some-
times, in the cells, they are so closely situated that it looks as if they
almost formed a sheath (cmfr. fig. 28) surrounding the process-contents
for some distance into the cell-protoplasm, where they gradually
disappear and obtain the same appearance as the reticulated spongio-
plasm, which spongioplasm often apparently gives, even the smaller
Bundles of primitive tubes in the protoplasm, a kind of relatively
firmer surrounding layer resembling a thin membrane, which layer
is generally more deeply stained by h<ematoxylin than the surround-
ing protoplasm (vide fig. 25, 27, 28, v and 29, v, v').
Sometimes the primitive tubes are united to a few and very
large masses situated peripherically in the cell. I) Fig. 38, A represents
a section through such a cell; v and v' are the transsected masses
of primitive tubes. In fig. 39, which represents a more laterally
running section through the same cell, it is seen what an extensive
distribution these masses can have in the peripheral parts of the cell,
the section passes almost exclusively through such a mass of primi-
tive tubes. If we examine these light areas under high powers of
the microscope, we see that they exhibit the same reticulation which
we know from transversally transsected nerve-tubes and nervous
processes, and which reticulation evidently arises from the transsec-
tion of primitive tubes.
In many ganglion cells we find similar peripheral masses, which
are not, however, so distinctly defined as those just described.' We
can, indeed, find every stage of transition, from cells such as those
illustrated in fig. 38, A to cells with a diffusive, uniform extension
of a lightly stained mass in their whole peripheral layers, such cells
are, for instance, illustrated in fig. 38, B and fig. 37. These peri-
ph ral layers, of lightly stained mass, can have a more or less di-
stinct d marcation from the mesial, deeply stained, part of the pro-
tOllasm, or th y can also have a quite Succf'5sive transition into it.
In the protoplasm of most ganglion cells we will, indeed, find a
1) In macerated preparation' these masses are often seen, having the ap-
pearance of vacuoli situated especially in the peripheral layers of the protoplasm
of the cells and alonl< their marg-ins. For a long- time 1 believed this appearance
of the cells to be of artificial nature, produced by the macerating agents. It was
first on exami Ilation of successfully prepared sections that I learnt their real nature.
In macerated cells. the striated process-contents could sometimes be traced into the
':ell-protoplasm, it having, for some distance, an undivided course (vide fig. 23, A).
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tendency to stain most deeply in their mesial part, whilst th
peripheral layers are generally very light (cmfr. fig.s 24, 26. 27, r,
38 B, 40). The reason is probably, to some extent, that the primi-
tive tubes occur in greater plenty in the p ripheral lay rs, or rath r
that they are situated closer together, and that they are not to lIch
extent separated by layers of the substance which occurs in plenty
in the mesial parts of the protoplasm and give to it th deep taining
(vide sequel). In these lightly stained layer, a spongioplasmic reti-
culation, described above (cmfr. fig. 24), i' g nerally more or les
visible, in fig. 37 it is, for instance, very distinct, and thick tibres
also occur (vide also fig. 38, B).
In other cells such a reticulation is but slightly visible, and we
find only circular m('shes, which probably are tran ect d pri-
mitive tubes. this is especially the case in cell where the e layer
are confined to masses distinctly defined from the rest of the pro-
toplasm as. for instance, in fig. 38, A. Here, only a few such fibres
or membranes of spongioplasm are vi ibl (s'). I)
In ganglion cells with such peripheral rna ses of primitive tubes,
the nervous processe do not spring directly from the e ma but
seem to get their whole contents from the mesial d eply tainel
I) 1 think it must have been ganglion cells with similar lig-ht peripheral Illnsses
which F,.~ud mentions I. c. 1881 p. 29-30. He suys: .An den I{ro"en unipol:uen
Zellen erscheint eine oft sehr breite, einen grosseren oder geringeren Theil .Ier Zell·
peripherie einnehmende Zone, welche dllrchaus homogen und clem Kerninhalt nh,,·
lich ist.< He believes .dass diese homogene Zone durch den als .Zwischcnsllh·
slanz' beschriebenen Bestandtheil des Zellleibes gebilclet wird, aus welcher die
netzformige, dunklere Substanz sich gegcn den Kern zurUckl{czogen hat. Es finden
sich auch haufig /-renug Zellen, nn denen zwei homogenc Rnndpnrtien durch einen
dUnnen Strnnl{ dunklerer, genetztcr Substanz, welcher noch an der Peripherie fest·
gehalten ist, gctrennt werden.< Freud supposes, consequently, those .holllogene
Randpartien< to be appearances produced un the death of the cell. In the
. ympatic ganglion cells, he clescribes somewhnt similar masses of hyaline suhstance,
which he, however, rather believes 10 be a normal nppearance belongin/.{ to the
live·state of the cells.
It may here, also be mentioned that Freud describe.• (I. c. 1881 p. 26) and
illustrates (fig. I & 5) nervous processe' havin/.{ a peculiar ori,gin in the gan~lioll
cells. He says of them: '[n ll1anchen Zellen ist ein Oberg'an~ stUck 7-wischen I',ell·
leib und Ncr\'enfaser nicht vorhanden; die Nervenfa,er cntspringt in andereI', seh ..
eig-enthiimlicher Weise. Dieselbe schmie~t sich niihmlich in Ge_talt eine, helle II
Halbringes der Peripherie der Zelle all, urn dann in's (onere des Zeilleibes ein7.ll·
tretell.< K1'iege1' (in his dissert. 1879) has before Freud (as Freull him,elf ,tate .•)
described similar appearances. I think there is no doubt that these structures arc
of the same nature as those described abo\'e respectinlC the origin of the content,
of the nen'ous process (vide p. 103-1°4).
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protoplasm. This is, for instance, very distinctly visible in fig. 37,
as well as in fig. 38, A. I have examined a great many cells having
quite similar appearance, but in them all I found the same relation
between the protoplasm and the contents of the nervous process.
Although the contents of the process is often surrounded by a lightly
stained mass at its entrance into the cell, it can, however, be seen
passing to the mesial deeply stained protoplasm (cmfr. fig. 37 and 38),
without giving off tubes to the light mass, it having an undivided
course for a shorter or longer distance into the protoplasm. In this
cour e it is, as described above, distinctly visible, ami is surrounded
by thick spongioplasmic fibres (fig.s 37, sf'; fig. 38, sn. At some
distance from the p.ntrance. the primitive tubes constituting this
process-contents spread, and are lost in the protoplasm of the
ganglion cell; generally, J could, however, trace some of them for
some distance in their course through this deeply stained protoplasm. t)
To explain what relation there may be between the primitive
tubes of the nervous process and the peripheral masses of primitive
tubes in these cells is, of course, an extremely difficult matter. In
fact, I have not been able to trace out the connection bettveen them.
We have, as mentioned, found every transition·form of ganglion
cells, from cells in which the contents of the process is spread at
once on its entrance into the cell (fig. 26), to cells where the contents
of the process passes undivided, and distinctly marked for a longer
or shorter distance into the protoplasm (fig.s 25, 28, 29, 37, 38) and
afterwards is uniformly broken up and spread in the protoplasm (fig.s
37, 38) or i to a greater or smaller extent broken up into bundles of
primitive tube (fig.s 25, 27). \Ne have also found every transition·
form, from ganglion cells having a protoplasm which is uniformly
deeply staine I in the me ial part, and the staining of which gradually
pa 'e over into a lighter one towards the peripheral layers (fig. 26),
to ganglion cells with a protoplasm which is deeply stained in the
.) Sections similar to thotie illustrated in fig". 37 or fi~. 38, A, can certainly
very easily ~ive rise to II belief in nuclear processes. If one had a little pre·
llisposition to find nuclear proce 'ses, one could easily, for installce, in fig. 38. A
combinc the process with the nucleus, and suppose the ren-on why this connec-
lion was not seen in the section was, that the section had not been quite succe sfu\.
[ think, therefore, that the description of nuclear processes can to a great extent
be ascribed to processes like those 1 have illustrated, which seen in isolated cells
can of course, in a still higher llegree, give the appearance of being connected
with the lluclei. Krieger has already made the same supposition regarding those
peculiar processes described by him, and which are, in my opinion, processes
originating in somewhat similar way as here described (cmfr. fig. 23, A & fig. 25)·
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me ial part, but has distinctly defined light masses in its peripheral
layers (fig. 38, A), or in which plenty of distinct, lightly stained
bundles, or small masses, of primitive tubes occur (fig. 25.
There is evidently a great \ ariety in tlle structure of the proto-
plasm, as well as in the origin of the nervous proce in the ganalion
cells. I do not think, however, that this difference of stru ture can
have any deep physiological significance, because we fin I \' ry
stage of transition from one form to another. The p' riph ral c n-
stituent of the protoplasm in all cells, i evidently the primitiv tube.
The small circular meshes which are found in section , e\ ery wh re
in the protoplasm, in the deeply stained as well as in the lightly
stained parts, are probably only trans ected primitive tub \ hi h
in the deeply stained parts of the protoplasm ar more eparated
from each other by thicker lay rs of a deeply stain d llb tan
than they are in the light parts.
Where, and how, the primitive tube terminate, or rather how
they originally are formed, I cannot say.
In a few cases I have, in the peripheral parts of som II ,
believ d to see slender tubes pass to the enveloping neur glia. heath.
This appearance can, however, al 0 be occa ioned by the abov·
mentioned spongioplasmic fibres i suing from the heath. If uch
radiating tubes were really present in all ganglion 11, w uld,
perhaps, ea ily understand the statement of Dr. RAWITZ regarding
the ganglion cells of the Acephales; viz. that hyaline small p arl
were exuded from the cells on pI' ssure. The pearl' con i t, I
think, of hyaloplasm, and are probably exuded from primitive tubes,
which must either terminate in the envelope of the cell or must
have been broken by the pre sure.
If we now consider what w have learnt of th I rotoplasm of
th ganglion cells, we may sum it up in the following results:
The cell-protoplasm is compo d of p1'imitive tubes on isting of
lIyaloplasrnic contents and spongioplasmic envelope, - furth 1', of a
spongioplasmic 1'eticulation, ext nding through the proto pIa m and
also intimately connect d with th surrounding c 11- heath .- an I,
finally, of a hyaline substance having much r semblanc to the hyalo-
plasm of the primitive tubes.
The primitive tube circulate, as we have s en, in the proto·
plasm, giving it often a concentricaJly striated appearance (fig. 23).
In large ganglion cells they are fr quently united into a number
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of thicker or thinner bundles, sometimes these even grow to con-
siderable masses, generally situated peripherically in the cells
(cmfr. fig. 30 ).
Jf we try to explain the connection and relation of these con-
stituents of the protoplasm to each other, we have indeed no easy
task, And it is, especially of this, I could wish to have obtained
more light.
That a principal part of the protoplasm of the ganglion cells
consists of primitive tubes, I think must be evident from what is
already described; that a great number of the small meshes, seen
in sections of the protoplasm of the cells (in the peripheral part as
well as in the mesial one) are transsected primitive tubes is, J think,
very probable.
There must, however, in the protoplasm of the ganglion cells
be something also present, besides primitive tubes, because the pro-
toplasm is stained by hcematoxylin and other agents in a manner
very different from the contents of the nerve,tubes, which exclusively
consists of primitive tubes. By h~matoxylin, the protoplasm is
generally stained very deeply, except those bundles or masses of
primitive tubes which get a similar staining as the contents of the
nerve-tubes. This deep staining may, certainly, to some extent be
explained by a rich occurrence of spongioplasm (cmfr. the spongio-
plasmic reticulation described above p. 101), J feel, however, dis-
pose I to think, that besides this spongioplasm another (myeloid r)
substance occurs, perhaps in connection with it. Spongioplasm with
thi fattish substance I) is, I suppose, situated in thicker or thinner
layers between the primitive tubes running through the protopla<;m,
and eparate' each of them more widely than is the case in the
n rve-tub 'vVithin the bundles or masses of primitive tubes, oc-
curring in large ganglion cell , this substance is not present, nor is
ther apparently more pongiopla m than is generally present in the
n rv -tubes or the nervou proces es.
Tile stt'ucttu'e 01 the nct'vous pt'ocesses and thei,'
sheath, in their cottt'se outside the gangli01t cells. - The
ontent of the nervous pro esses is, as already mentioned, composed
f primitive tubes, in the same way as the contents of the nerve-
tube'. In its staining it is differentiated from the protoplasm of the
1) That it is a fattish (myeloid?) substance is, I think, probable from the
d:lrk or browni. h -t:lining of the cell-protoplasm by osmic acid, This is, however,
also the case with the common spongioplasm.
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ganglion cell, this difference being, a we ha\ e een, alread) distinct
within the cell itself. It has, in preparations often the same light
staining the whole way from the origin of the nervous process till its
entrance into the dotted substance (fig. 35); generally it is, however,
stained in a quite peculiar manner b) hcematoxylin. Fig. 30-33
represents various sections through a such process; it i the am
process the contents of which is also seen in fig. 28 and 29. At
the agress from the ganglion cell (fig. 30), the contents of th
nervous process has the same light staining as already describ d.
At some distance from the cell the contents b gins, howev r, to get
a darker, more black staining, especially in its peripheral layers (fig. 31).
At the same time the diameter become al 0 diminished. At a
greater distance from the cell thi blacker taining increa s, and the
whole contents is stained quite dark or black (fig. 32), the diamet r
of the process is also still more diminished. In fig. 33, th arne
process is seen divided into two branches (a and b) which ha\ th
same black staining as above. This black staining th y retain till
their entrance into the dotted substanc. The branchlets i suing from
them are also stained in the same manner. It is, of cour e, very
difficult to say what is the reason of thi dark taining. I do not
think, however, that it is of qualitative natur. To ome xtent it
may, perhaps, be explained by the relatively small thickn s of the
processes, and by their situation in a reticulat d n uroglia through
which the fixing as well as the staining agents easily find their way to
these structures. It is, however, strange that, in the "ame s ction,
one can find some processe with dark contents, and oth r pro s
with light contents, similar to the contents of the n rv -tube (cmfr.
fig. 35 & 36). The branchlets issuing from these process s hav
similar lightly stained contents, consisting of primitive tubes (cmfr.
fig. 35, br; fig. 36, br, br').
Spongioplasmic fibres similar to those surrounding th proce s·
contents within the ganglion cell (cmfr. fig. 28 & 29, a1 0, generally
occur in the process itself. They have a longitudinal course along
the proc S5, inside the sheath (vide fig. 30, sf', sf") and can oft n b
traced to a considerable distance from the ganglion cell (vide
fig. 35, sl)· They have a dark staining; sometimes it looks as if
they united to form a deeply staining p ripheral layer round the
contents of the process inside the sheath (fig. 36).
The sheaths 01 the nervous processes are form d by the
neuroglia, and are stained in the same manner as this substanc .
They have generally a peculiar structure, and consist often of a great
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many layers or membranes aranged concentrically round the contents
of the process; only the innermost layer of these membranes can,
however, be considered as the real sheath. V,'hat a great extension
these structures can obtain is, for instance, seen in fig. 34, where
pc is the contents of a nervous process, br is a brancWet issuing
from the process; nm the surrounding concentrically arranged neu-
roglia-membran es.
The nervous pocesses are sometimes provided with similar con-
centrically arranged sheaths quite from their origin in the ganglion
cell (fig. 25, sh). Generally, the sheaths do not, however, reach
th ir highest thickness before some distance from the cell, and they
do not consist of so many layers near their origin.
The nuclei of the gangli on cells are, as is a well-known
fact, enclosed by a thin membrane. That this membrane is not
seen in the live-state of the cell, as stated by FREUD, is, in my
opinion, from the same cause as makes the striation of the nerve-
tubes so slightly visible in the live-state. The refractive difference
betw en the protoplasm of the ganglion cell and the substance of
which this membrane consists is so small, that this diffi r nce must
n cessarily b increased, for instance, by chemical agents, if the
m mbran should become distinctly visible (vide fig. 23). \\ ith hee-
matoxylin this membrane gives a distinct blackish staining (fig.s 37,
38, 40, 42) which is quite imilar to that of the spongioplasmic re-
ticulation, and to the sh ath of the cell. In my opinion, it i not
improbabl that thi membrane is also formed by the same spongio-
plasm a form the reticulation in the protoplasm and the sheaths
of th primitive tubes. -
Th structure of the nuclei in ide this membrane \'aries very much.
aIr ady tated by FREUD, ther appears within the nucleus a great
many hang ,probably conn cted with the life of the cell and the
nucl us. In well fixed preparations we can, in fact, also find nuclei
xhibiting th greatest variation in their structure. Fig. 41 and 42
r pr ent nuclei in \ arious stag s. Generally, each nucleus has one
nu IeOItIS ituated in its centre or al 0 near its me nbrane (cmfr. fig. 38).
ometim' two nuclei are present; the nucleus has, th n very often,
an oblong form, and one nucleolus is situated in each pole (fig. 37);
it is, h wever, not unu ual that the nucleus has a circular shape, and
that nucleoli ar situated opo ite to each other, near the membrane
(fig. 41). omctimes no real nuclei are present, the whole nucleus
xhibiting a p culiar di tinct r ticulation with dark thickenings in
th point where the fibre of the reticulation unite (fig. 42 , d).
ometime fibres are seen radiating from the centre of the nucleus,
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and having dark thickenings at their extremities, near the membrane
of the nucleus (fig. 42, f) etc. etc. I will, however, pay no more
attention to these structures, here, as they are probably only, pro-
duced by the nuclei being fixed in different stages of their life; in
some cases we have even, perhaps, a beginning segmentation of the
nucleus (fig. 42, e).
Nephropa norvegicua,
In Nephrops, the structure of the ganglion cells is quite similar
to what we have described of Homarus. In sections, the protopla om
of the large cells generally exhibits quite similar light areas, re emb·
ling vacuoli, and arising from the transsection of bundles or masses
of primitive tubes. The contents of the nervous processes originat
in the same manner; a similar spongioplasmic reticulation i pr nt
in the protoplasm, it being especially visible near the sheaths of the
cells with which it is intimately united. We can, thus, as regards
the structure of the ganglion cells of Nephrop , refer the reader to
our description of the ganglion cells of Homaru
The Polycheetea,
Sections of the large ganglion cells of the Nel'eidce ( J. viren etc.)
exibit, generally, a prominent granular appearance with a distinct
reticulation extending between and uniting the granules with each
other, the granules being generally situated at the points where the
walls of the meshes unite (fig. 43). Some of the granules are very
large and prominent, and are principally situated in the mesial part of
the protoplasm. They have, in my preparation!> treated with fluids
containing osmic acid and stained with h<ematoxylin, a very dark
almost black staining, and they consist, I think, of a fattish (myeloid?)
substance. I)
In a great many cells, I observed a differentiation in the stain-
ing of the protoplasm, somewhat similar to what is described of the
cells of Homarus. A disposition to a darker staining of the m ·sial
part of the protoplasm is very often observed; besides this the
larger granules are also, as just mentioned,' situated especially here
which contributes somewhat to a darker appearance (vide fig. 44
') Whether the substance of the'e granules is the same, or hns ~ny relntion
to the substance which gives the nervous system of runny Polychretes the well-
known reddish or yellowish staining, I cannot say, as [ have not yet very closely
examined the ganglion cells of the Polych~tes in the live-state.
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and· 45)· There is generally no distinct demarcation betwen the
deeply stained mesial part of the protoplasm and the lighter pe-
ripheral layers; sometimes, however, such a demarcation is present,
the lighter stained substance being peripherically situated in various
more or less distinctly defined masses (fig. 44). Small bundles of
primitive tubes, similar to those which are often present In the
ganglion cells of Homarus and Nephrops, I have not generally ob-
served in the ganglion cells of Nereis. The contents of the nervous
process seems generally to originate in a gradual convergence of
primitive tubes in the protoplasm. towards the pole where the pro-
cess originates (cmfr. fig. 43). Sometimes, I believe to have observed
the contents of the nervous process passing as an undivided, lightly
stained bundle for some distance into the protoplasm; consequently,
a structure somewhat similar to what is above described in the
ganglion cells of Homarus.
A spongioplasmic reticulation quite similar to the peculiar reo·
ticulation in the ganglion cells of Homarus does not occur in Nereis,
so far as our experience goes, at all events not to such an extent. In
some cells, I have, however, ob. erved spongioplasmic fibres issuing
from the neuroglia-membrane enveloping the cell and penetrating
into the protoplasm (vide fig. 43, sf and fig. 44, sf); probably con-
tributing to form the reticulation already described.
A question of great interest is, whether the reticulation, seen in
the sections of the cell-protoplasm of ereis is a real reticulation
or only an appearance produced by transsection of primitive tubes?
I feel most disposed to believe that the latter is the case. Strange
to say, neither longitudinally transsected primitive tubes, nor a
concentric striation are as often seen in the ganglion cells as we
could expect if all meshes w re transsected primitive tubes; some-
tim we can, however, observe longitudinally transsected tubes in
the pr topla m. and the reason why they are not oftener seen i ,
P rhap , becau e they hav a very curved and complicated course.
The nuclei of the ganglion cells have, in the ereid~, a
similar stru tur a tho e of Homarus. They have a distinct sur-
rounding m mbrane, inside which a reticulation is extended; in thi
reticulation dark granule are ituated, generally at the pOlnts wher
the fibres forming the me hes unite. ne or sometime two nucleoli
arc seen, and sometimes no di tinct nucleolus is present, but only
largish granules are spread in th r ticulation ( ide fig. 43, 44, 45)·
The situation of the nuclei in the protoplasm is generally diffe-
rent from what it is in the ganglion cells of Homarus. The nucl i
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are very often situated in one side of the cell, near the surrounding
sheath (cf. fig. 44 & 45) and, not unusually, towards that side from
which the nervous process issues (cf. fig. 43, 1)' They are, thus,
very frequently situated outside the mesial, deeply stained, part
of the protoplasm (fig. 44 & 45). In the small cens they ate
generally situated in the centre of the cell, and are proportionally
very Large, being surrounded by a thin layer of protopla m only.
The processes of the ganglion cells. - The ganglion c lis
of the Nereid<.e have generally a unipolar shape. Quite exeptionally,
I believe to have observed, in sections, cells with multipolar hape;
there was always, however, only a single process in each cell apable
of being traced in its course into tlle central dott d substan e.
The other processes were very short, immediately tapering off;
th~y were directed peripherically, or laterally, (never towards the
central mass) and were soon lost in the neuroglia. I could, howev r,
never quite convince myself of the real existence of such proce s ,
and it is only in a very few cases I believe to have s n th m (fig.
67)· I think tllat it is the issuing of neuroglia-fibres from tlle sheath
of the cells that has generally occasioned tlle de criptions of multi-
polar cells, a such fibres can look very like real cell process s
(cf. fig. 44).
The processes, or, a I call them, nervous processes, pa ing to
the central dotted ma'ss, and of which each ganglion cell has only
one, have a structure similar to that of the n rve-tub s. They are
surrounded by a neuroglia-sheatll. and their cont nts consi t of
primitive tubes.
In other forms of Polych<.eta the ganglion cells hav, so far as
my investigations go, a structure similar, principally, to what is here
described.
The membranes enveloping the ganglion cells are formed
by the neuroglia. They generally consist of one, or of a few, layers
only. In the small cells they are thin, but distinctly mark d; in th
large cells they are often thick and well developed (vide fig. 44, cm).
Neuroglia-nuclei adhering to them do not occur very fr qu ntly. I)
') Dr. E. Bohde (I. c. 1886 P' 785) distinguishes between two types of
ganglion cells in the central nervous system of the .Apll1'oditid(JJ. • Die Ganglien.
zellen der einen Art sind sehr schwach granulirt, deshalh von hellen Aussehen unci
meist ziemlich klein. Ihr Kern enthiilt stets mehrere verschieden grosse Korperchen
und tntt nach Fiirbungen in der durchsichtigen Ganglienzelle scharf hervor.. -Die
Vetreter des zweiten Typus sind sehr grosse, kugelige Gebilde, welche clurch eiDe




The ganglion cells of Lumbricus are, in their structure, somewhat
similar to those of Nereis. In sections, their protoplasm has a distinct,
reticular, granulous appearance; large granules, similar to those found
in the ganglion cells of ereis, do not, however, occur. The whole
protoplasm is, in preparations, rather deeply stained; the reticulation is
generally very distinct, slight thickenings are only seen in the points
where the walls of the meshes unite. The meshes are generally
very large; that they are, at all events to a great extent, really
transsected tubes is, I think, clearly seen in fig. 47, which represents
a section through a large ganglion cell, and which is drawn under
the camera lucida as exact to nature as possible (very highly magni-
fied). The tubes are, in this illustration, seen transversally as well
as partly longitudinally transsected, giving, the protoplasm to some
extent, a concentric appearance; the tubes forming the nervous
process are seen to be quite like those circulating in the protoplasm. I)
In some cells, a kind of higher differentiation seems to be pre-
sent in the protoplasm; such a cell is represented in fig. 46. LiO'hter
fein granulirten Kern und dieser ein einz.ig-es grosses Korperchen.' A similar dif-
fcrence in the appearance of the small aDd large ganglion cells is, certainly, very
prominent also in the nen'ous system of Nereis; but a,\ I have fouDd transition forms
between hoth these kinds of cells, I can not distinguish between two types. My
experience is to some extent that, the larger the cclls are, the more and more
granular become their protoplasm, and there caD not easily be drawn any line of
demarcation.
As to the sheaths of the ganglion cells Rohde says: • Beide Ganglienzellen-
arten entbehren eincr Zellenmembran und Iiegen eingebettet in ein Maschenwerk
von Fasern, welche ilberall das N'en'cnsystem begleiten und, wie ich glnubc, aus
Subcuticu1:lrzellcn hervorgegangen sind.. As may be seen from 01)' description T
agree with this statement of Rohde; his .Fasern' Or .Subcuticularfasern' belong
tn what I call the neul'oglia.
Of the protoplasm of the largish cells Rohde says: • £lass die ganze Zelle
nach allen Richtungeu von veschieden starken Fiiscrchen durehzogen wird, welche
lIuf <len Zellfortsatz iibergehcn und diesem cine feine Liingsstreifung verleien. Aber
nicht nur hier verlassen tliese FiLserchen (lie Zelle, sondern man ist iiberrascht zu
"chen, wie sie theils eiuzeln, lheils Zll Biindeln \'ereinigt allenthalben all der Peri·
phcrie ,Ies 1I11cklell Zcllkiirpers hemustreten und in die Snbcuticularraserhiille ein-
(Iringen.. It i" evident that Rolide and J have observed the same structures; his
.1'!iserchclI' must partly be what in my opillion are the spongioplasmic .;henths of
the primitive lnbes (especially those which pass into the nen'ous process), and the
.Fi(serchen' penetrating in the Suhcuticularfaserhiille. must be the spongiopla mic
fibres issuing from the neuroglia-sl,ellth of the cell (vide fig. 44, sf; fig. 45, sf; fig 67)·
and which fibres partly form a spollgioplasmic reticulation in the protoplasm (CO\ll-
, pare \IIY description of Homarus p. 101).
I) The tubes in the protoplasm seem to be of difTaent size in the variolls cell;.
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and darker parts are here seen in the protoplasm, the latter ones
fonning a sort of reticulation with very large meshes, in which
smaller meshes occur similar to those mentioned abO\'e, This i
perhaps an appearance produced by a structure omewhat similar
to that which is described in the ganglion cells of Homarus (cf,
fig. 25 & 27). The large meshes, or lightly stained area, are perhaps
transsected bundles or small masses of primitive tubes.
Such a prominent spongioplasmic reticulation as \ve haVt~ found
in the ganglion cells of Homarus is not present in the ganglion cells
of Lumbricus, indeed, it is very difficult to detect anything similar to it.
'vVe have thus, the protoplasm of the ganglion cells of Lumbri-
cus, according to my investigations, consi ting principally of primitive
tubes, with distinctly marked spongioplasmic sheaths; be ide thi
there must, however, also be another subtance present, as the pro-
toplasm is more deeply stained then the contents of the nen'c-tub s.
This protoplasm has therefore, in Lumbricus, a composition which
probably is very similar to what is present in the ganglion cells of
Homarus.
The processes of the ga1aglion cells. - The ganglion cells
are unipolar or multipolar. Each cell has, however, never more than
one nervotts process passing to the central dotted mass of the nerve·cord.
The other processes are very short, have the same appearance as thc
protoplasm of the cell, and are lost in the surrounding reticular neu-
roglia, or can be traced to their connection with the ncurilem-sheath
or perinew'ium surrounding the ventral nerve-cord inside the mus-
cular layer (vide fig. 68). These processes I call P1"otoplasmic 1)1"0-
cesses, and their function is, I suppose, of nutritive nature. All
ganglion cells are thus, in reality, of unipolar nature.
The structure of the nervous processes is similar to that of the
nerve-tubes; their contents consist of primitive tubes, and they arc
eveloped by .a neuroglia-sheath which is a direct continuation of the
membranes or sheaths enclosing the ganglion cells from which
they issue.
'l'he nuclei of the gangl'ion cells are comparatively large,
They have the same appearance as described above, with a distinct
surrounding membrane and a varying inner structure. Their situation
in the cells is also somewhat variable; they are very often situated
towards that pole from which the nervous' .process issues; this is
perhaps the most common situation (fig, 46); sometimes they arc,
however, also situated towards the opposite end of the cell, or in
its mesial part (vide fig. 47).
8*
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The membranes enveloping the ganglion cells are
formed by the neu roglia; they are generally very thin and only little
prominent. Occasionally, neuroglia-nuclei are seen adhering to them.
They are intimately connected with the reticulation of neuroglia
extending between the ganglion cells (vide fig. 47 & 68).
The Molluece.
The structure of the ganglion cells af Patella vulgata is very
. imilar to what we have found in Lumbricus. Their protoplasm
exhibits, in sections, a distinct reticulation with rather largish meshes
(vide fig. 48, 49 and 50). In this reticulation small granules are
seen, situated in the same way as described above, viz. in the points
where the walls of the meshes unite. The meshes are, to a great
extent, transsected tubes, this is seen in several cells where some
tubes are longitudinally transsected.')
In macerated preparations plenty of large yellow granules are
generally seen in the protoplasm of the ganglion cells. These gra-
nules have a variable size, and no regular shape, they are sometimes
spherical, sometimes square or polyhedrical, and they look as if they
were produced by coagulation of a homogeneous yellow substance.
They are often extended through the whole mass of the protoplasm,
very frequently they are, however, concentrated in special parts of
the cells, especially in the neighbourhood of the nucleus. Plenty of
similar small r or larger granules generally occur, also, outside the gan-
glion c lis, in macerated preparations. They frequently occur in such
numb r· that one, for a time, could feel disposed to believe that
th y belonged to a substance extended through the whole nervous
system. Sometim s they are even united to larger homogeneous
ma Sl". Upon careful examination r have, however, come to the
nvi ti n that they are, either exuded from cells, or they may also
pring from lestroyed cells. I have sometimes observed such a
substance exuded from the protoplasm of cells.
Fig. 52 represents such a case. The substance is here seen
c ulTing inside, as well as outside, th cell. In ide the cell, the gra-
nule;; ar concentrated towards the part of the surface where they
.) Tht: reticulntion which R(/If'itz describes, in the ganglion cells of the
A.cepha les ("ille p. 65) is, without cI'n bt, tht: same appearnnce as here described,
and it i", _onsequently, in my upini"", Ill) real reticulation but, to a Irreat extent, all
appearance produced by primitive tuhes, which are seen ill optic, or real trallsver.;c,
sccliulls.
are probably exuded, outside the cell they are united to larger pieces
of irregular shape. The granules are not onl} situated nearthe surface
of the cell, but also occur in the mesial parts of the protoplasm;
this can easily be seen by changing the level of the micro cope.
The relations of the substance of these yellow granules in
the live-state of the cells, I have not sufficiently examined, neither
am I in a position to say of what it consists. It is ob\ iously thi
substance which gives the nervous system of Patella, as well a
other Molluscs, the well-known yellowish collom, and which RAWITZ,
HALLER, H. SCHULTZE, SOLBRIG, BUCHHOLZ and oth rs hav de-
scribed as pigment. I think it is most probable that the yellow
colour is due to a substance, related to, or similar to hcemoglobin;
the substance contains, probably, also fat, as the granules are deeply
stained by osmic acid. Strange to sa}, I have, as a rule, not b en
able to observe quite similar granules in the sections of the cell .
The reason why I do not exactly know, as my investigations ar
still too imperfect in this respect. l ) As also suggested by HALLER,
I think it is very probable that this substanc is principally ngage I
in the nutrition of the ganglion cells. I uppose that the correspond-
ing substance in the ganglion cells of Homarus is the fatty substance,
the existence of which we have above (vid p. 108) indicated.
In the sections of some cells, I have observed a slight t~nd ncy
to a differentiation of the protoplasm into darker and lighter stained
parts (vide fig. 48). This tendency is, however, never very promi-
nent. Generally,' the protoplasm has a rather uniform, som what
deep staining, which possibly indicates the xt nsion of a (my loid ?;1
substance, connected with the spongioplasm, through the whol
protoplasm of the ganglion cells, as before mentioned in my descrip-
tion of the ganglion cells of Homarus, and possibly this substance
is of the same nature as that which forms the granules (above
mentioned) in macerated preparations.
The processes of the ganglion cells. - The ganglion cells
have a unipolar, bipolar or multipolar shape. Whether unipolar or
multipolar, each cell has one nervot/,s p"ocess only, passing into
or through the central dotted substanc , the other, P1'otoplasmic
processes, if they are present, are always very short, and have an
appearance similar to the protoplasm of the cell. Th yare immedi-
ately lost in the neuroglia-reticulation, or they pass to, and unit
with the perineurium surrounding the central nervous sy~tem.
I) ] n a great many sections ] have found a homogeneous yellow substance
being extended in the protoplasm of the ganglion cells. It seems to be the sam.:
substance which forms the granules in isolated cells.
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system. Their function is, in my opinion, of nutritive nature, as
mentioned before. I)
The contents of the nervous processes consists of primitive tubes.
The nervous processes (as well as the protoplasmic ones) are
enveloped by neuroglia-sheaths adherent to which n~uroglia-nuclei
may be seen.
The nuclei of the ganglion cells have a structure similar
to what is before mentioned as regards the nuclei of the cells of
Homarus etc.
They are generally situated in, or towards, that pole of the cell
from which the nervous process issues. Sometimes they are also
situated in the mesial part of the cell and very seldom in the end
opposite to the nervous process.
They have a relatively large size; when they are situated near
the origin of the nervous process, they generally fill nearly the
whole diameter of the cell, leaving only a narrow layer of proto-
plasm, through which the connection of the nervous process with
the upper principal part of the protoplasm is produced (vide fig. 53).
Frequently the space between the nucleus and the membrane en-
veloping the cell is, however, so extremely narrow, that it looks as
if on Iy a very few primitive tubes could pass; it has, indeed, the
appearance as if the protoplasm of the ganglion cell was almost
divided by the nucleus into two separate parts.
In one case I have seen a nucleus sending a short process into
the nervous process (vide fig. 54); this short process was very
distinct, and appeared to be formed by the nuclear membrane; it
may be that it has only been an artificially produced, post-mortem,
appearance.
The ne1u'ogl'ia-m embranes enveloping the ganglion cells
are thin and but slightly prominent. Neuroglia-nuclei, adherent to
them, are occasionally s en. They are intimately connected with the
neuroglia reticulation extending between the ganglion cells (fig.
48-50, nur). When HALLER and RAWITZ seem to deny to some
extent the existence of such membranes, I think that it is owing
I) In the peripheral layers, almost all cells have unipolar shape, in the inner
layers (towards and in the dotted substance), the bipolar or mUltipolar shape is more
common; as will later, in a separate chapter, be treated of, this also indicates the
nutritive significance of the protoplasmic processes. Real anastomoses of proto-
plasmic processes from the same cell, or from various cells, I have never been able
to observe. and do not belie\'e either in their existence or in the signifiCAnce
which Raller and most writers attribute to those processes (vide sequel).
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to imperfect stainIng. As above mentioned, these membranes also
envelope the processes issuing from the cells.
':'he Aecidiana.
The protoplasm of the ganglion cells of the idians
has, in isolated, macerated preparations, a reticular appearance (vide
fig. 55-56), quite similar to what is before described in Mollusca,
Lumbricus etc., and which appearance is,1 suppose, to a certain
extent, produced by primitive tubes, which in a complicat d way
are woven between each other and are, in the preparations, partly
seen in optic diameter. It is remarkable that a concentric arrange
ment in the protoplasm round the nudeu can, only v ry seldom, be
traced out. The shape of a great many cells, <lnd the situation of
the nuclei is, perhaps, to some extent, the cause of this. In section ,
the protoplasm of the cells exhibits a reticulation similar to what i
observed in isolated cells. At the points wh re the walls of the
small meshes unite, small thickenings or granules occur, giving th
protoplasm a slightly granular appearance.
I have never observed in or outsid the ganglion c lis of th
Ascidians, yellow granules, similar to thos just described in the
ganglion cells of Patella, neither in macerated preparation nor In
sections.
In sections of some large cells, I have ob erved a tendency to
differentiation into small lighter stain d ar as, similar to what i d-
cribecl in the ganglion cells of Homarus. This diff, rentiation i
not, however, very prominent (vide fig. 58, a).
In preparations treated with osmic acid, or fluids containing this
agent, the whole protoplasm of the ganglion cells is also very
deeply stained by carmine colours (picro-carmine). I) . This indicates
perhaps the presence of a special substance (compare what is said
of this above.)
The nuclei of the ganglion cells have a distinct thin m m-
brane, and an inner structure which has a varying appearance, similar
to what i., above mentioned in respect of the ganglion cells of
Homarus etc. A distinct nucleolus is generally s n. The nuclei
are relatively large; they are situated in the me-sial parts of the ells,
1) A method which in my experience is very ~ood for the nervou~ ~ystcm
of the Ascidians, is treating with osmic acid (.-1 0/,,) for :!--I hour, or even
longer, then sufficient washing in running water and staininj:t in ~ood picro-
carmine (I %) for 24 hours or longer.
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or also sometimes near the pole from which the nervous process
issues or in the opposite side.
The processes of the ganglion cells. - The most common
shape of the ganglion cells is the unipolar one; the large, peripheric-
aUy situated cells, especially, are of this shape (fig.s 55,56,58). In
the inner layers and in the dotted substance, cells with bipolar, tri-
polar or multipolar shape occur (fig. 57). Each cell has only one
nervous process, the other processes are protoplasmic, and their
function is of nutritive nature. That is also, in my opinion, the
reason why they principally occur in connection with cells situated
in the inner layers, and are directed towards the external sheath
(perineurium) enveloping the brain.
The nervous processes exhibit a longitudinal striation, and their
contents consist of primitive tubes. They are, in macerated prepra-
tions, only lightly stained, and have an appearance different from that
of the protoplasm of the cells. The protoplasmic processes resemble,
in their appearance, the protoplasm of the cells.
The neuroglia-membr"anes enveloping the gan.qlion
cells are very thin and but slightly prominent. The neuroglia is
but little developed, and occurs very sparingly between the gang-
lion cells in the brain of the Ascidians.
Summary.
If the reader has followed me in these researches on the struc-
ture of the ganglion cells of various types of invertebrates, he will
have gather d that there are som principal features in the structure
whi h seem to be common to all the types investigated; and, if it is so,
we may c nclude as above, in respect of the structure of the nen'e-
tubes, that those features in the structure of the ganglion cells are
common to all invertebrated bilaterates. Vve may thus give the
following summary of our results:
1) Th· ganglion c lis of all invertebratea bilaterates consist of
a nucleu with distinct membrane, and a varying inner structure, and
also of a p1'vtopla 111 with various constituents; the cells arc enclosed
by a membrane of neuroglia-substance.
2) The principal constituents of the protoplasm are primitive tubes,
having the same tructure as those in the nerve-tub~s (they contain
hyaloplasm cnclo ed in spongioplasm.). The course, and origin (or
termination) in the c 11, of these primitive tubes r am not in a posi·
tion to de cribe particularly; some of them very frequently circulate
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for some distance, concentrically, round the nucleus, giYing the
ganglion cells a concentrically striated appearance.
In some ganglion cells, especially those of Bomarus and Nepllrops,
primitive tubes are partl) united in bundles, or to smaller or larger
masses situated in the protoplasm, and which are distinctly lighter
staining than the rest of the protoplasm, in which, however, also.
plenty of primitive tubes occur (fig. 38).
In a great many, or possibly in all, ganglion cells a spongioplas-
mic reticulation i5 present, extending from the enclosing nt'l\roglia-
membrane into the protoplasm, between the primitive tube, and
intimately connected with the spongioplasmic sh aths of the latt r.
This reticulation is very prominent, especially in the ganglion cell ,
of Homaru and Nephrops, where thick spongioplasmic fibre. af a
peculiar appearance, and connected with the r<:ticulation often occur
in the peripheral la) ers of the protoplasm, penetrating from the
neuroglia-membrane into the protoplasm (fig. 24).
Besides this reticulation, there is, probably, also a pecial, partly
fatty (myeloid?) substance present in all ganglion c lis of invert -
brated bilaterates, which substance does not generally occur in the
nerve-tubes. This substance possibly occurs to some extel1t, in
connection with the spongioplasmic reticulation, and extends between
the primitive tubes of the protoplasm, giving the latter, in preparations,
the deep staining which is generally prominently different frol11 the
£taining of the contents of the nervous processes and nerve-tul e
where primitive tubes only occur.
Whether it is the same ubslanc which, in the ganglion c II
of a great many animals (cf. Poly hceta, Mollusca etc.), is connected
with a pigment (hcemoglobin?) and gives the nervous syst In its
special colour, I am not in a position to decide, although I think it
not improbable.
3) The processes of the ganglion cells are of two kinds; vil.
nervous processes and p1'otoplasmic processes.
Of nervous proce~ses each ganglion cell in the central nen'ous
syst m has alw(tys one and neve,. more. The nervous processes arc
generally directed, centrally, towards the dotted substanc .
When the ganglion cells are multipolar (the unipolar c II i',
however, the most common type in invertebrated bilatcratcs) thl'
other process s are protoplasmic ones, and they are generally short
and directed peripherically, they having a nutritive function and
being united with the neuroglia. As regards structur and appear-
ance, they are quite similar to the protopfasm of ganglion lis.
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4) The contents of the nervous processes consists of primitive
tubes which spring from the protoplasm of the ganglion cells,
generally in such manner that they converge uniformly from the
whole protoplasm, towards the pole where the nervous process
issues; here they unite, and consti~ute the contents of the latter
(fig.s 26, 43-58).
In some ganglion cells (observed in Homarus and Nephrops)
the contents arises from a union of bundles of primitive tubes. The
contents of the nervous process may also be formed, in this or the
common manner, within the protoplasm of the cell for a shorter or
longer distance from the place where the process issues, the process-
contents has thus, to some extent, an undivided course through the
protoplasm within the cell itself (fig.s 37, 38 A, 59, 60). These latter
modes of origin I have observed especially in Homarus and Nephrops.
3. The structure of Leydig's dotted substance.
The nature of the so-called LEYDlG'S dotted substance (~Punkt­
substanz«), which is centrally situated in the nervous ganglia or the
central nerve-system of all invertebrated bilaterates, has been very
much discussed, and has been described in very different ways by
the many previous authors on this subject, as is already mentioned
in the historical introduction to this paper.
Where so many prominent scientists have given their opinion,
it is, of course, a serious matter to suggest a new view which is
contrary to almost all previous views. I) It was therefore not with-
out some hesitation and only after careful investigations that I
entered upon the description of the dotted substance in the nerve·
syst III of the Myzostomes 2) and subsequently upon the dotted sub·
stance in the brain of the Ascidians. 3) Since that time I have
xt nd d my investigations to a great many animals of various
classes, and have always found my previous results confirmed in
the prin ipal r spects.
My investigations lead me, thus, to maintain the view I have
pr viously stated, and I am now in a position to state it, as I
1) Leydig is, as before mentioned, the author with whom [ can agree in
010 t respect.
2) 1. c. 1886.
» I. c. 1886.
- 123-
!10pe, with better and more complet~ expre ion. • s will be e 'n
from the following description, the structure of the dotted ub-
stance is essentially the same in all the animals investigated. The
animal in which I have found it easiest to get a clear idea of the
structure is Homarus, the ventral ganglia of which give an excellent
material for investigations of this nature.
Eomarus vulgaris.
Sections through the brain or the ventral ganglia of Homams
exhibit, in their mesial part, a more or less minute reticulation; to
some extent this reticulation even passes over into masses which,
on a superficial examination, have a dotted appearance, for which
reason LEYDIG has also called it »the dotted substancee (»Punkt·
substanze), wi.thout intending, however, that this de ignation hould
be understood in its literal signification. On a more careful exa-
mination of good and successfully stained sections, ven th se mas es
with the finest granular appearance exhibit a reticulation with very
minute but still distinct meshes; the granules ar thickenings in the
reticulation. On examination of sections through a ventral ganglion
we will, indeed. find reticulations with meshes of all po ible siz ,
from the transsected large nerve-tubes (dorsally situated and i uing
from the longitudinal commi sures or from the peripheral n rves) down
to the extremely minute meshes in the dotted rna s ju t mention d,
which meshes are of about the same size as the trans e ted primi-
tive tubes in the sections of the nerve-lubes or evcn much mall- r.
The substance forming this r ticulation is rather uniformly
stained through the whole mass, and in a manner similar to that in
which the neuroglia-sheaths of the nerve-tubes are stained (vide
fig. 62). It is a distinct staining which is, conscquently. differ nt
from that of the spongioplasm in the nerve-tub s (vide fig. 62).
This makes me believe that it is not quite the same substanc as
that which I have, previously, in this paper called spongioplasm, but
that it is rather the neuroglia-substance which forms this reticulation,
as I can, really. see no distinct difference between th' n uroglia
enclosing the smaller or larger nerve-tubes and the substance form-
ing the smallest meshes.
Within the meshes a lightly stained, hyaline, substance occurs,
which is similar to the hyaloplasm of the nerve-tubes.
A question of great interest is now, whether th se small mesh s,
seen in sections. belong to a a real reticulation formed by fibrilla;,
as almost all writers agree in describing it (some writers call it
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"nenrous retic.( others call it partly "retic. of connective-tissue«) or
whether they are transsected tubes similar to the meshes produced by
the transsection of the larger nerve-tubes with which we are already
acqvainted. In the former case, the hyaline substance seen within
the meshes should be interfibrillar substance, in the latter case it
must be a substance filling the tubes, probably hyaloplasm.
On careful examination of transverse sections we will immediately
receive a reply to this question. If the meshes are transsected tubes,
we may expect to find in a section through a mass consisting of a
plait of such slender tubes, not only transversally transsected tubes
but also longitudinal transsected ones. And that is, in fact, the
case. On a glance at fig. 62 (which represents a part of a trans-
verse section through a ventral ganglion of Nephrops norvegicus,
which is, however, so quite similar to Homarus, in this respect, that
we can indeed see no difference) we will, in the fine reticulation
(ds) be able to see transversally transsected tubes as well as longi-
tudinally transsected ones, the latter having the shape of more or
less oblong meshes.
On examination of spots where small parts of nerves originate
in similar masses of dotted substance, its composition of tubes
will be still more evident. Fig. 61 represents such a spot, highly
magnified, in the mesial part of the first ventral ganglion of Homa-
rus. That the meshes, f1Jl, are transsected tubes is, J think, dis-
tinctly seen; c is a tube partly longitudinally transsected; a is a
bundle of similar tubes issuing from various parts of this mass of dotted
substance and passing to the root of a nerve. Many similar proofs of
the tube-nature of the meshes, seen in the dotted substance, can be
found on examination of sections through the ganglia of Homarus, and
each of them speaks so clearly that I think it, really, to be a waste
of time to give further, circumstantial, description of it at present. l )
Having thus elucidated this question regarding the tube struc-
ture of the dotted substance, the next question of interest becomes
- of what kin I these tubes are, whether nerve-tubes or primitive
tubes, or what else?
Nerve-tul es ar , as pre\ iously mentioned, present in great plenty
in the dotted substance, as will be seen in fig. 62-65. These nen e-
tube ha e all possible gradations from large, fig. 62, t nf and tnt,
clown to very small ones, of which we ha\ e, for instance, a trans-
sected bundle in fig. 62, s nt. The smallest meshes or tubes, ds,
I) :III some parIs of the dotted substance the tubes are somewhat loosely situ-
nted, lind the inter\'lIls belween them are then filled with a lIew'oglia 9ponge-?V01·k.
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are, however, all of them, smaller than those smal1 ner'\t~-tubes, and
they have, to a certain extent, a rather uniform size, with their dia-
meter about the same as that of the common primitive tubes of
the nerve-tubes (vide in tnt'). There are, also, a great many ex-
tremely minute meshes or tubes which are even smaller than the
smallest primitive tubes I have been able to observe in the ner e-
tubes. These minute tubes will, subsequently, b more cir urn·
stantially described. The principal difference between the primitive
tubes of the nerve-tubes and the tubes of the dotted sub tanc i
that, the latter have more distinct and deeper stained heath. eeing
how nerves are formed by the union of these tubes, it i , therefore, in
my opinion, evident that they are primitive tube with touter heath
than they have in the nerve-tubes. Tht:se, the sh ath, in th
dotted substance, seem to be form d or, at all events, made stronger
by the same neuroglia which also envelopes the n I've-tube'; thi
neuroglia does not seem, however, to be very distinctly di tingui'h d
from the spongioplasm, as we have, also, previously se n in th
ganglion cells (ef. p. 100(102). Inside these primitive tube', I hav
been able to observe any structure, only the hyaline sui tance,
hyaloplasm, above mentioned. Th granules which have given th
dotted substance its name, are, partly, thickenings in th sheaths of
the tubes, especially along their concreting edaes; to some extent
they are extremely slender tube trau sected (vid sequ I).
The meshes which are somewhat larger than those small meshes
in the dotted substance, are, I think, transsected small n rve·tubes
consisting of a few primitive tubes only.
We have thus, in the dotted substance in th ganglia of H -
manIS, a complicated plaiting or web of primitive tubes, and partly
of nerve-tubes, of various sizes. On examination of longitudinal
sections we will find that, these tubes have in the dott d substance
of the ventral gangli2, to a certain extent, a tendency to follow a
longitudinal course; this is especially the case in th parts where th
nerve-tubes issuing from the longitudinal commissur s are situated.
To some extent, we also find bundles of nerve-tubes running tran -
versally as commissures from one side of the central nerve-system
to the other, or also running to the peripheral nerves.
Smaller or larger distinctly defined masses, apparently consisting
exclusively of primitive tubes, are mesially situated in most ganglia;
they are, however, especially prominent in the first ventral ganglion
and in the brain; fig. 61 represents, as before mentioned, a part of
such a mass situated, mesially, in the first ventral (thoracic) ganglion.
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The illustration is drawn under the camera lucida and very high
microscopical power.
As we can not undertake the very complicated topography of
the ganglia of Homarus in this paper, we will not enter upon the
topographical peculiarities here, which KR~EGER, YUNG, DIETL and
others have already to some extent previously described; we must
confine ourselves to indicate the constituents of the various masses
of the ;tfibrillarc substance (dotted substance) filling the mesial parts
of the ganglia. The constituents of these we have found to be
primitive tubes, or also nerve-tubes, and neuroglia.
Though I have not, as mentioned, been able to observe any
structure inside the primitive tubes described there may perhaps be
a still smaller or more minute constituent in the dotted substance.
Such minuter constituent I have, however, not observed in common
preparationc; stained in ha:matoxylin, carmine etc.; it is oryly on
application of the chromo-silver method, mentioned p. 77-80,
and partly on staining by HEJI)ENHAI)l'S ha:matoxlin method,
that it has been possible to observe such a constituent, and even
th n only imperfectly. It consists of extremely slender fibrilla: or
rather tubes, which run in all directions in the dotted substance
between the larger tubes, and whose diameters are much smaller
than any of the primitive tubes described. Such fibrilla: or tubes
are seen in fig.s 63-65. Many of them are, here, seen to be given
of( from larger nerve-tubes. Some of them have, at certain intervals,
varioceles (vide fig. 63, f; fig. 64, i, vf.), and resemble in their appear-
ance the vari ose nerve-fibrilla: I have found in the central nerve-
syst m of Myxine (and which will be subsequently described) and
til vari ose nerv -fibrilla: described by GOLGI in the central nerve-
syst m f th Mammalians, and, further, the nerve-fibrilla: described
1 y BELLoNel in the tectum opticum etc. of fishes and birds, etc. etc.
In th varioceles xtr mely slender branches are probably given off,
th s h:\ve, h wever, only in a few places been stained. The varioceles
ex pted, th fibrilla: are smooth and have a deep reddish-black
staining. A will be seen from the illustrations, their thickness is
very variable; they subdivide and at each subdivision they grow
thinner.
Wh ther the structure of tho e fibrilla: is that of tubes with
h aths :\nd semi-fluid contents, a we have previously described the
primitiv tube to have, is of course extremely difficult to decide.
v..-e kn w, at pres nt, so very little of the nature of the chromo-
silver staininO' that it can onl)7 give us little instruction in this
h'
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respect. The reason why these fibrillce, and also small nen'e-tubes,
are so distinctly and deeply stained, whilst the sheaths of the larger
nerve-tubes only get a light reddish staining is, for instan every
difficult to explain. Seing, however, that it is onI) the sheaths of
the larger nerve·tubes or a layer just inside the sh aths which be-
comes stained, we may perhaps conclude that this is also the a e
with the smallest nerve-tubes; indeed, we can, to some extent,
observe it in trans\ erse sections of them, though their cont nt
also appear to be somewhat stained. eeing that it i th case
with the smallest nerve-tubes from which these fibrillce i u , and
which they quite resemble in their staining, it is, in my opinion,
most probable that they also have an ext rnal layer which i th
essential staining part of them, notwithstanding that the content ar
also stained. That it is principally the external layer of the fiblillce
which are stained, can sometimes be ob erv d, pecially in the
thicker fibrillce, or in their varicose thickenings. To sp ak more
distinctly I will say that I do not think it is the external part of
the neuroglia-sheaths. but that it is either their internal parts or rather
a layer inside them which is specially staining in these sl nder tub -s.
Judging from chromo-silver preparation I think ther fore that
it is probable these fibrillce are tubes, the smallest of which mllst
consequently have an almost infinitesimal diameter. On xamination
of preparations stained with HEJDENHAIN'S hcematoxylin method we
arrive at very similar results; ind ed, the tube-structure of th
slender fibrillce (which are also partly stained by this m thod) i
still more evident. Fig. 65 represents a part of a section through
such a preparation of the dotted substance (drawn under the cam.
luc. and very high powers of the microscope). Th slender fibrillce,
which are deeply stained, are seen longitudinally or transversally trans-
sected in this very thin section. Transv rsally transsect d they
appear, partly, as extremely minute meshes, which we have before
mentioned. Longitudinally transsected they, partly, exhibit very
distinct longitudinal outlines and a lighter contents. Frequently they
are, however, so slender, that no such structure can be distinguished,
neither in transverse sections nor in longitu linal ones. Of the tul e-
structure of these smallest fibrill<e I must, thereforc, once more ex·
pressly say that we do not yet know anything with certainty.
Another qu stion is, whether are those fibril Ice or tubes only very
thin primitive tubes which by subdivision etc. have become so thin,
or are they a special constitucnt contained in the primitive tubes r
Seeing that they issue from nerve-tub s, J think it is evident that th .
former, or the latter must be the case, tedium non datum. That they
- 12~-
are of real nervous nature, and are not simply fibres belonging to the
connective substance, neuroglia, i<; not, I think, open to argument.
To decide the above question is not easy. As before mentioned,
it has not been possible to detect any structure inside the sheaths
of the primitive tubes, neither in the nerve-tubes nor in the dotted
substance. In spite of this a structure may of course be present;
the primitive tubes are already so very minute that even our present
powers of the microscope, though high, would not readily suffice to
exhibit such a structure of small tubes or fibrillce i'nside them. We,
therefore, at present, stand, here, before a terra incognita, and must
content ourselves with suppositions, which we will, however, leave
the reader to form for himself. What we know is that, these
fibrilla:: spring from subdivisions of nerve-tubes or primitive tubes
- or they are given off, from them, in form of slender lateral
branchlets, and it is then, perhaps, most reasonable to assume that
they arise only by a subdivision of primitive tubes.
As to their course in the dotted substance, I will expressly
say that, I have never succeeded in observing these fibrillce to form
a reticulation with ,'eal meshes, neither have I seen them anastomose
with each other. They fr quently exhibit, in sections, an extremely
compli 'atctl course with a great many subdivisions and branches,
but in my preparations they always avoid union with each other.
Th y form, consequently, a kind of loose plaiting or web and not a
r ti ulation as most authors describe. They pass along the walls
I etwcen the thicker tubes of th dotted substance.
'vVhat previous authors hav described as nervous reticulation
in Homaru', as well as other invertebrates, is, as mentioned above,
the transs cted tubes, primitive tube and nerve-tubes, forming the
d tt tI ub ·tan e, the heath of which tubes, in ections, give the
app 'aran e of a reticulation. LEYDIG describes, as mentioned p. 60,
a p ng'-work (» ~chwammwerkc, »Balkenwerkc) in the dotted sub-
stan c, \ hi h ponge,work he suppose to be of the nature of a
upport; the real nervous substance, hyaloplasm, is diffusively ex-
tcndc 1 in th' cavitie' of thi sponge-work. I) As may be een from
.
•) Leydig does 'hIt exactly slate what he supposes to he the origin of this
reliculati, n. 1n -Zelle und Gewehe. 1885 p. 173-174 he only speaks of the
dollcd substnnce as containin/.{ a .protopla 'mati ches Netz- oder richtig-er Schwamm-
lVerk.. 1I1' this -Schwammwerk' or -Balkenwerk' he says: -wo nun Nervenur·
sl'run/:,c /:,esetzt sind ortlnet ,ich cllIS lJalkenwerk zu Uingsstreifen, die zwischen
sich ,lie hOfllogene Go,ndsuustanz ebellso aufnehmen, als es in dem sich durch-
kreuzenclen :>laschenwerk g-eschehen war.' In another place he says, howe,'er, that
th " ,l"lled subslance .entsteht durch fortgesetzte Theilung und netzi~e AuRosung
cler Forlz,itze der GanglienkugeIlI, genlluer gesagt, ilues Spongiplasma' (I. c. p. 187)·
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my description, above, I agree principally with LEYDIG, as to the
nature of the two substances, but we do not agree as to their
structure. LEYDIG calls the substance of his reticulation 8poflg;o-
plasm; as I have tried to distinguish between spongioplasm and neu-
roglia, I have called the same substance m~uroglia, which, however,
in my opinion, forms tubes (enveloping primitive tubes or nerv -tubes)
and not a sponge·work in the dotted substance. LEYDIG does not
draw any line of demarcation between spongioplasm and neuroglia.
His opinion is that, what he calls spongioplasm is a reticlliat dub·
stance which is present in the ganglion cells, as w II a in th cells
of the neuroglia, or the connective-tissue as he caB it; and that
there is, in the nerve-system of the vert brates, an intimate connec-
tion between the spongioplasm of both kinds of cells (cr. op. cit.
p. 187-(89). In a future paper on the structure of the neu-
roglia, the writer will have an opportunity to treat of this subject
more circumstantially.
The origin ot the primitive tubes and fibrillt11 01 t1le
dotted substance. - Having described what the constituents of
the dotted substance are, as far as our ability goes, we will now
advance to examine from whence these constituents come. To do thi ,
we must try to learn the course of the nervous processes, issuing
from the ganglion cells, and the nerve-tubes in the dolt d substance.
We have, already, said that the nervous processes of the ganglion
cells occasionally subdivide, and give off branches, on their cour e
from the ganglion cells to the dotted substance. On a clo r
examination we will find that they do the same, in a high r d gr ,
on their course through the dotted substance.
This subdivision and branching of the nervous processe. cannot
easily be traced, without staining by tile chromo-silvet· method
(cf. p. 78). In successful preparations, stained in this way, I hav
occasionally been able to trace the nervous processes, to some ex·
tent, on their course through the dotted substance. When a nervous
process was visible for some distance along its course dichotomous
subdivisions, or finer side-branches given off from it, were always
observed; I have never observed a nervous process which, for any
considerable length, had an isolated course through the dotted sub-
stance.
On comparison of the course of the various nervous proc sses,
I have found that they essentially differ, and that there must be two
kinds or types of them, which behave in two different ways on
their course through the dotted substance.
- 13°-
Tn the course of some processes dichotomous subdivisions are
very common, and the branches of the process subdivide, again, into
smaller and smaller branches, this seems to continue until the whole
process is broken up into a great many fine primitive tubes or
fibrill ce, and its individuality is, consequently, quite lost. I have not,
yet, been able to trace any process to its division into the finest
tubes, but from the little I have seen, however, I believe that I
am entitled to conclude that such must be the case. Fig. 63, a
and b represent pieces of such processes, which are drawn under
the camera lucida direct upon the stone; fig. 70 represents a gang·
lion cell with such a process.
A great many processes have quite another character. I have
been able to trace them for long distances through the ganglia,
in one case even directly into the root of a nerve, without seing
any subdivision. They have, however, no isolated course; at
certain intervals they give off slender side·branchlets which often
subdivide in the dotted substance. At the places where such
branchlets issue, the nervous processes have generally small thicken·
ings or varioceles. I think that all the nervous processes of this
typ pass to a commissure or peripheral nerve, and become a com-
missural or peripheral nerve-tube. We may thus say, of these
nervous processes, that they keep their indiViduality, but have no
isolated cou,·se. Fig. 64, a, b, c, d represent nervous processes of
this kind; fig. 68 and 6g represent ganglion cells with such processes.
We may thus establish two types of nervous processes viz.
I) nervous processes which lose their individuaUty and are entirely
broken 'ttp into slende,' primitive tubes and fibrillaJ, and 2) nervous pro-
ccs es which keep thei,' individuality and pass through the dotted
substanc of th ganglia, forming a ne'rve-tube, but which have no
isolated course, ide-branchlets being given off on the way through
th d tt'd substance.
W have, before, said that the nervous processes subdivide, and
giv' ff branchlets also before the reach they dotted substance. The
branches and branchlets which arise in this way seem, however,
chi Ay, if not wholly, to p netrate into the dotted sub tance; they
fr quently nter into this substance together with the thicker nervous
pro' 'ses, a' will be seen in fig. 64, e, f, where several such branche
are represented. It seems, thus, not to be of any essential import
\Vh ther the nervous processes subdivide in or outside the dotted
ub tanc , as in both cases the branches penetrate into it and be-
come one of its constituents.
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It is, howe\'er, not only the nervous processes which subdh'ide
or give off branches to the dotted substance and thus contributes
to its formation; the nerve-tubes coming from the longitudinal com-
missures and from the peripheral nerves also do the same.
That the largish nerve-tt'bes of the lcmgitf'dinal co,mnissl'res sub-
divide to some extent in the ganglia, may already be concluded
from the fact that, in a transverse section through the c ntral
part of a ventral ganglion, only a very small number of tran .
sected large nerve·tubes is seen. The many largish nerve-tube of
the commissures must, therefore, either have passed to the peripheral
nerves, or they must have subdivided, or have become dimini hed
by giving off lateral branchlets, or finally they may originate in
ganglion cells. On exa'mination of longitudinal sections tain d
with hrematoxylin etc. it may be seen that these longitudinally
running nerve'-tubes subdivide, in the ganglia, to a great xt nt.
The contents of the longitudinal commissures radiate into the dotted
substance of the ganglia, and are to some extent lost in it owing to
the subdivisions of the nerve·tubes.
On examination, of longitudinal sections of preparations success·
fully stained by the chromo-silver method this is of course seen
much more distinctly. In such sections, I have s en longitudinal
nerve-tubes which were broken up by subdivisions into fine primitiv
tubes and fibrillre (vide fig. 64. I' 3' 11)'
I have, however, al 0 seen longitudinal nerve-tubes passing
undivided through the ventral ganglia and into th commissur s
quitting them at the other side. Sometimes I have observ d such
nerve·tubes to give off side-branchlets to the dott d substance of
the ganglia through which they pass (cf. fig, 64, 2' 6' 8' 9' 10)'
I believe that some of the longitudinal nerve-tubes pass to ganglion
cells, and are connected witht their nervous proce ses, or, in ther
words, that they are direct continuations of the n rvous proc sses.
I have certainly in no preparation succeeded in really observing such
~ direct connection; I have, however, seen so many indications of
its probable existence that I do not think there can be much doubt
about it. These nerve-tubes do not, however, have any isolated
course, they give off side-branchlets to the dotted substance.
The nerve-tubes of the peripheral nerves originate in the
ganglia in two, or rather three, ways.
Some ne1've-tubes spring directlty from ganglion cells, being di-
rect continuations of nervous processes, as before mentioned. Tht:se
9*
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nerve-tubes, or nervous, processes give off side-branchIets on their
way through the dotted substance, vide fig, 69, which represents.
such a nerve-tube, seen in a section stained by the chromo-silver
method; in the section a few lateral branchlets only were stained~
but I think it probable that there were more. The nerve-tubes
spring from ganglion cells which are situated either on the same'
side as the peripheral nerve to which the nerve-tubes belong, or on.
the opposite side of the ganglion.
Other nerve-tubes do not spring directly from ganglion cells, but
arise from the dotted substance by a union 01 slender primitivv
tubes and (ibrillce, which unite to form thicker and. thicker tubes.
I have never succeeded in tracing a nerve-tube with such an origin.
to its finest branches; this is owing to the very complicated course
of those nerve-tubes; they often originate on the same side as the
peripheral nerve to which they belong, but most frequently they
originate on the opposite side. They then pass united to bundles,.
or transverse commissures, from one side of the ganglion to the
other. Though I have not been able to trace such nerve-tubes·
through the whole extent of their course, I have,. however, seen
their origin in portions and believe I am ent!tled to say that it is.
as just described.
When we now gather what will be the constituents of the'
dotted substance according to the above given investigations we will
have the foHowing.
1) The branches of those nervous processes which lose their
individuality and are entirely broken up into fine branches.
2) The side·branchlets of those nervous processes which di-·
r· ctly become nerve-tubes and do not lose their individuality (but
which on their course through the dotted substance give off side-
branchl ts).
3) The branches of those nerve-tubes which come from the'
longitudinal commissures, and which in the dotted substance are'
entir ly broken up into slender branches.
4) The side-branchlets given off from those nerve-tubes of th~
longitudinal commissures which pass entirely through the ventral
ganglia, only giving off branchlets to the dotted substance.
s) The side-branchlets joining those nerve-tubes of the longi-·
tudinal commissure which spring directly from ganglion cells. These'
branchlet are partly th same as those mentioned in 2.
6) The primitive tubes and branchlets, or fib ri llce, which unite'
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to constitute those peripheral nerve-tubes which entirel)' spring from
the dotted substance.
7) The side-branchlets joining those peripheral nerve·tubes which
.are direct continuations of nervous processes from ganglion ells.
These side-branchlets are, consequently, partly tlle same as those
mentioned in 2.
We have thus seen that the constituents of tll dott d sub-
stance are tubes, and that these tube:. have a rath r variabl ongm.
What the significance of the dotted substance i ,W will in ubs·
.quent chapters have the oportunity to examine.
Nephropa norvegioua.
In ephrops the structure and relations of the dotted ub tance
is so quite similar to what they are in Homaru , that th abov
given description will suit in all particulars for bofu Homaru and
ephrops.
The Nereid!ll.
Amongst the Po)ychretes, it is chiefly the ereidre (e p ially
Nereis virens) that I have examined in respect of the tructure of
the dotted substance; I shall therefore in this chapter m ntion tho
.animals only.
As the dotted substance of the ventral nerve-cord is the
'simplest, and easiest to investigate, we will confine our Ives to it.
In the ventral nerve-cord of Nereis the dotted substanc ha, as
1S well known, a situation and exten ion very differ nt from what i th
-case in the ventral nerve-cord of Homarus. Th r ar no eli tinct
ganglia, and no distinctly separated longitudinal commi ur ,th dot-
ted substance has, fuus, a more uniform ext nsion in two longitudinal
Tods along the whole nerve-cord. Its composition of tub s i. if
possible, still more evident than it is in Homarus. In transvers
sections of the nerve-cord we find, as before mentioned (vid fig. 14),
a reticulation with small and large meshes. In longitudinal s tions
we find a longitudinal striation, which shows that the m hes of th
reticulation, seen in transverse sections, are transsected thick and thin
longitudinal nerve-tubes. The whole so-called dott cI substance of
the ventral nerve-cord of ereis consists, thus, principally of longi-
tudinally running tubes.
On close examination of sections under high pow rs of th
microscope it will, however, be seen that slender tu bes pass in
all directions between these longitudinal tubes; this is very pro-
- 134-
minent in some small masses, which are especially ventrally situated
on each side of the nerve-cord, and which have a more minute and
granular appearance than the rest of the dotted substance.
In longitudinal section such masses will be found to occur
especially near places where peripheral nerves issue. Fig. 66 represents
such a place taken from a longitudinal section. a a are parts of
the central longitudinal septum, dividing the ventral nerve-cord longi-
tudinally into two lateral cords (cf. fig. 10, a). Smaller and larger
nerve-tubes (tf', tt', it) are seen passing the septum, from one side
of the nerve-cord to the other, a great many of these small nerve-
tubes (tt"') seem to pass to the origin of the peripheral nerve,
which origin lies to the left of the illustration. Some large nerve-
tubes (pt, pt) pass to the same peripheral nerve. Amongst the
longitudinal nerve-tubes smallish (t) as well as largish (It) tubes may
be seen. The nerve-tubes running transversally between these
longitudinal nerve-tubes are, also, of different sizes. Besides nerve-
tubes, neuroglia-fibres with transverse courses also occur, and they
are often difficult to distinguish from nerve-tubes. Such transverse
neuroglia-fibres may, for instance, be distinctly seen in the dotted
substance on the left hand side of fig. 67.
Neuroglia-nuclei occur somewhat sparingly in the dotted sub-
stance of the ventral nerve-cord of Nereis. They are oblong, have
a granular appearance, and are generally longitudinally situated in
the sheaths of the longitudinal nerve-tubes (vide fig. 66, n). They
are, however, also transversally situated in the sheaths of transverse
nerve-tubes (vide fig. 66, n').
To find the origin and course of the various tubes constituting the
dotted substance has been very difficult, as I have not yet succeeded
in obtaining any staining by the chromo- ilver method in the nervous
system of these animals. A far as I have been able to penetrate
by h Ip of the common staining with hcematoxylin etc. (which has
b fore been described) I believe, however, to have found that the
constituent of the dotted substance have chiefly (if not wholly) the
sam origin in these animals as they have in Homarus.
I have found ganglion cells with nervous processes wich were
directly transformed into nerve-tubes, but from which side-branchlets
w re given off (vide fig. 44). I have, however, not been able to
trace such n rve-tubes (direct continuations of nervous processes)
into peripheral nerves; those which I have observed, have partly
had a longitudinal cour e in the nerve-cord.
I have al 0 found ganglion cells with nervous processes, which
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subdivided in the dotted substance, and seemed to be entirely broken
up into slender branches.
I have observed longitudinal nerve-tubes which seemed to sub-
divide and be broken up into branches, similar to those longitudinal
nerve-tubes I have observed in the ventral ganglia of Homarus.
I have also observed side-branchlets to be given off from longi-
tudinal nerve-tubes passing along the nerve-cord.
Finally, I have observed peripheral nerve-tubes springing from
the dotted substance, being apparently formed by a union of
slender tubes.
Peripheral nerve-tubes springing directly from ganglion cells, I
have, as above mentioned, not been able to trace out, but I have
been able to trace peripheral nerve-tubes for considerable di tances
through the dotted substance passing frequently over to the other
side of the ventral nerve-cord, and I believe that they often spring
directly from ganglion cells.
From the little we have seen, we may therefore conclude, that
the constituents of the central mass, or dotted substance, of the
ventral nerve-cord of Nereis are chiefly the same as tho e we have
found in Homarus; the principal constituent is, howev r, in Nereis
longitudinally running nerve-tubes, and the other constituents are
comparatively sparingly present. Masses of a complicated web or
plaiting of extremely slender tube5, simlla~ to that which is de-
scribed in the ganglia of Homarus, do not occur in Nereis.
Upon the whole, the dotted substance of ereis is very simple
in its structure, and represents a primary state.
The suggestion of E. ROHDE I) that the ventral nerve-corel of
the Polych;.e~es are only developed peripheral nerves because of
the longitudinally running nerve-tubes, which should indicate the
nerve-origin, is I think not very well founded. If that is right, the
ventral nerve-cord of all invertebrated biJateratcs which have a nerv -
cord, mllst also spring from peripheral nerves only, because in all
of them there are, according to my investigations, a great many
longitudinal nerve-tubes, indeed the spinal nerve-cord of the verte-
brates must also have the same origin. I do not know if this is
ROHDE'S opinion? According to this view the primary state of the
nerve-system must be a central brain from which nerves only issue.
Some of these nerves must then at a later stag , by an emigration
from the brain, or in some other manner, have got ganglion c lis.
1) I. c. 1886.
- 136 -
I do not think it necessary to discuss any further the many diffi-
culties which would arise from such a theory; in my opinion, it is
quite contrary to all known laws of evolution of the nervous-system.
The longitudinal nerve-tubes have, in my opinion, another origin and
significance, but this is not the place to enter into researches of
this nature, we will defer this for a later occasion. I)
1) Dr. E. BOhde describes .die Leydig'sche Punktsubstanz. of the Polych~­
tes in the following way: .Untersucht man das Gehirn der Polychreten auf feinen
Schnitten, so erkennt man, das dieselbe aus sehr vielen und feinen Fiiserchen be-
stehl, welche wirr durch einander ziehen und bald im Liingsschnilt als Linien, bald
im Querschnitt als Punkte erscheinen. Das Bauchmark hat im wesentlichen die-
selbe Structur, nur tiberwiegen hier langsverlaufende Fiiserchen, welche aber zahl-
reich von schiefen und queren gekreuzt werden. Querschnitte und Langsschnitte
zeigen im Gegenzatz zum Gehim im Bauchstrang ein verschiedenes Bild, die Langs-
schnitte mehr Linien, die Querschnitte mehr Punkte.- It will be seen that, this
description by Rohde differs very much from mine. His .Fiisercheno are what I
call sheaths of the nerve-tubes. It is strange, however, that he does not seem to
have observed the reticulation which is produced in sections by the transsections
of the nerve-tubes, and which is very prominent and distinct, for instance, in trans-
verse sections of the ventral nerve-cord; he has perhaps applied unsuccessful
stainingo-methods. In his description of the large nerve-tubes he mentions, however,
f,brous sheaths enveloping them. Of one of the colossal nerve-fibres of Slhenelais,
he says, that .it arises by a union of two nerve-fibres coming directly from two
colossal ganglion cells in the brain, - and that it is enveloped by a fibrous
sheath, which is at first closely applied to it, but in its further course separates
from it and then encloses a cavity. which constantly becomes larger posteriorly
and in the middle of the body attains an enormous diameter.. The nerve-fibre,
which almost disappears in its wide sheath, gives off fine processes, traversing the
whole cavity and apparently penetrating into the sheath, Towards the posterior
extremity of the body the cavity becomes smaller,' and conditions corresponding to
tho e uf the anterior extremity are reestablished.
As [ have not examined Slhenelais, I can have no opinion of the correct-
ness of this statement; I havc not met with any structure similar to it in the Poly-
chretes T have examined. From Rohde's own description it appears to me that
there must have been some irregularities in his preparations.
As to the origin of the large nen'e-tubes, Bohde states that they spring di-
rectly from goangolion cells. As to their terminations, his opinion is that they are
generally broken up into .feine Fiisercheno, wich in transverse sections are seen'
ns minute dnrk points or dots.
The processes of the gonnglion cells (which are 'ausnahmslos unipolar<) pass,
in his opinion, to the dotted sub tance partly .begleitet von Subcuticularfasern,
welche aber bald nnch ihrem Eintritt verschwinden. o What is meant by -Sub-
cuticularfaserno I do not exactly understand, perhaps it is the neuro/!,lia-sheaths
surrounding the processes. The smaller processes 'gehen direct in die centralen
Fiiserehen tiber.« The Inrger proces es are partly enveloped by a sheath, being a
continuntiOIl of the sheath of the ganglion cells. He believe it to be probable
-dass ie durch pinselformige AuJlosung in die Faserchensubstanz iibergehen.-
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LumbriCuS agrico a.
In Lumbricus, the dotted substance of the central nen ous system
represents a more developed state than it does in ereis, it ha\'ing a
much more complicated structure; this is at once prominently apparent
in transverse and longitudinal sections. The substance con i t of
tubes, and exhibits in sections a minute reticular app aranc , th
tubes being generally very slender; they vary a great deal as to
their diameter, some are extremely lender, others are thick r but
their average size is small. The tubes have, in the ventral n rve-
cord, a longitudinal course, principally as may be se n in longitudinal
sections. Between the longitudinal tubes, sl nder tub ar, how ver,
-intenvoven, running in all directions, and forming a complicated web
<>r plaiting. This plaiting is present to a much greater extent than
is the case in Nereis, and at the same time the diamet rs of the
tubes are generally much smaller than they are there.
As is well known there are no ganglia in the ventral nerv -cord
·of Lumbricus, and thus the dotted substance is uniformly xtend d
along the whole nerve-cord.
The fibrillre described by many previous author, e. g. CLArA-
REDE, are, in my opinion, as before mentioned, only th transs ct d
sheaths of the tubes which are th real con titu nt of the dott d
substance.
In respect of the origin of these tubes forming th can tituent
of the dotted substance, it may b said so far a my exp ri nce
goes, that their origin is quite imilar to what is ~ und in rei
and Homarus.
A to the nervous processe of the ganglion c lis, I have ob-
served the same two type as ar describ d in Homanl, viz.
I) nervous processes retaining their individuality and dire tly b com-
ing nerve-tubes (either of a peripheral nerve or running longitudinally
in the ventral nerve-cord [fig. 84]) but which give off sid -branchl ts
to the dotted substance (fig. 71, I, g), and 2) nervous process s which
lose their individuality and are, by subdivisions, entirely brok n UI
into slender tubes losing themselves in the dotted substance
.(fig. 71, a, a, " and fig. 72).
As to the course of the longitudinal nerve-tubes of th dott d
substance, and the double origin of the peripheral nerv -tllb s, I have
<>bserved conditions very similar to those stated of Homarlls, but
my observations have been rather imperfect, as I have not obtain c.I
such staining in Lumbricus as I have in Homarus.
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NeUiyoglia-nuclei occur sparingly in the dotted substance of
Lumbricus (fig. I I, k; fig. 7 I, n, n').
The Molluscs.
In Patella we find the dotted substance to have an appearance
rather different from that of the animals before described. The
elements of the dotted substance are, here, much smaller, and more
difficult to trace out than those we have hitherto examined.
On a careful examination of successfully stained transverse sec-
tions through the pedal nerve-cord of Patella, it is possible to ob-
serve a minute reticulation with very small but distinct meshes. It
is this reticulation which HALLER in the Rhipidoglossa, and RAWITZr
in the Acephales, describe as nervous reticulation. Besides the meshes
which have extremely slender walls, a great many dark dots are also
seen. These dots are situated in the walls of the meshes, and
chiefly in their corners where several walls of various meshes meet.
It is these dots which RAWITZ has described as varicose thickenings
in the nervous fibrillce which he supposes to form this reticulation
in the Acephales.
On examination of longitudinal sections through the pedal nerve-
cord, it is seen that the dotted substance has, here, a somewhat
different appearance. The reticulation seen in transverse sections
is not present to such extent, on the other hand longitudinally
running distinctly stained fibrillce are very prevalent. These fibrillce
are extremely slender, and are stained in the same way as the
reticulation in transverc;e sections. The intervals between those
fibrilla: are very small and are of about the same size as the dia-
meters of the meshes of the reticulation. This indicates that the
meshes are transsected tubes, and that the longitudinal fibrillce are
partly the transsected sheaths of these tubes. It is consequently, in
so far, a structure somewhat similar to what we have found in
LU11lbric1-es and Nereis. In longitudinal sections, but especially in
blique ones, it is seen that the dark dots vi ible in transverse sec-
tions arc transsected fibrillce, chicfly running along the concreting
edges of the tubcs. The question is, now, whether these fibrillce
bel ng to the ncuroglia, and are only thickenings in the fibrous sheaths
of the nerve-tube, or whether they are real nerve-fibrillce? To decide
this qu stion, I have examined fresh preparations as well as macerated
on 5, but I must admit, that in this respect I have not till yet succeeded
in getting a clear id a of the real relations in the structure of the
dotted ubstance of Patella. In fresh isolated preparations of the
- 139-
dotted substance plenty of fibres of various sizes are se n. Th
greater part of them are extremely slender. In fig. 5 some of th
fibres from fresh preparations are illustrated. They are pre ent in
every preparation to unlimited extent, and do not e m to be form d
in any artificial way, but only to be just isolated. In macerated
preparations they are still more prominent (fig. 6). Th y may,
here, be isolated, and traced for long distances through the dotted
substance; to some extent, they are of a rather uniform ize with a
small diameter; they have a smooth aspect but may ometimes,
though seldom, be seen to give off extremely fine lateral-fibrill~ (vid
fig. 85, b, e; 86, a, b); where such fibrill~ i sue small varicose thick n-
ings are generally pr~sent. In thicker fibrillre subdivi ion occa ionall)
happen (vide fig. 85, d). It is obvious that a gr at d al of th thi ki h
fibres found in macerated preparations ar r al n rYe-tube , as th )'
may be seen to be direct continuations of ner ous processes from
ganglion cells; these fibres have also, to a certain extent, a.n aspect
like what is characteristic for nerve-tubes. To decide the nature of
the extremely slender fibril1re, which occur in such abundance, i , how-
ever, much more difficult; their aspect is undeniably very lik that of
common neuroglia-fibres or connective-tis ue fibres; a gr at many of
them are so thin that they, even under the highest powers of th
microscope, appear like lines. As, however, we may find fibrill of
every transition-stage from those finest ones up to these largish
fibres, which unquestionally are nerve-tubes, and as we may see
such fine fibrillre to be given off from th se nerve-tubes as side-
branches, or being formed as a final-product by the breaking up
of the latter, we feel ourselves forced to define these fibrill~ as
being to a great extent real nerve·fibrillre. Thes nerve-fibrillre or
tubes, as we should more properly call them, are certainly of a
much smaller size than most of the tubes we have hith rto ~ und
in the dotted substance of other animals; this may, how vel', be
accounted for from the smallness of all the nervous elements in
Patella.
On the other hand, it is obvious that a great many fibrillre se n
in fresh and macerated preparations belong to the neuroglia. uch
fibrillce may often be seen to issue directly from neuroglia-cells, or
united with neuroglia-nuclei (vide fig. 79--81; 73, nn; 82, nc; 83. n, nc;
86, nc) which occur abundantly in the dotted substance. I) These
J) The reason why Haller and Rawitz deny the occurenec of ncuroclia·
nuclei is, I think, that they have not recognized their real nature and describe them
as .Schaltzellen c which they believe to be multipolar ganglion cells. H. Schultze,
Walter, and others have given somewhat similar descriptions.
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neuroglia-fibriUce resemble in their aspect the fine nerve-fibriUce, so
very much, that I am not at present in a position to point out any
.distinct difference between them. J)
As to an interfibrillar substance, which many authors describe, it
may be stated that, in fresh preparations, I have occasionally observed
hyaline pearls adhering to the sides of the fibrillce (vide fig. 85, b). In
my opinion these pearls do not, however, spring from an interfibrillar
substance, but are pearls of hyaloplasm, springing from destroyed
nerve-tubes.
The origin of the constitttents, forming the dotted substance, we
will find to be quite correspondent to what is found in Homat·us.
All the nervous processes of the ganglion cells are, as already
mentioned, directed towards, and penetrate into, the dotted substance.
As in Homarus, and the other animals examined, it may be
seen that some nervous processes (vide fig. 73, k, m"; 74, a, c, d, t; 75;
76 ; 78; 82, a; 83, a) retain their individuality, in their course through
the dotted suI sance, and as far as they can be traced are not seen
to subdivide; at intervals, however, they give off some fete fine side-
.branclllcts, at the origin of which small varicose thickenings frequently
occur (fig. 74, a, f; fig. 75, 76).
Other nervous processes (vide fig. 73, b, f; fig. 74, h, i; fig. 77)
.lose their individuality; they subdivide and are broken up into slender
nerve-fibrill(£.
W have thus two types of nervous processes, like what is
founel in Homar-us etc.
A to the course and termination of the many longitudinal
nerve-tubes, which form such a material part of the dotted sub-
. tanc of th pedal nerve-cord, littl can be said at present. In
'ome of them I have obs rved id -branchlets to be given off, in
others I hav occasionally seen subdivisions; but upon the whole my
IJr ent m thods of inv stigation hav been insufficient to trace out
th se v ry I nder structures. A great many of them are, however,
'asily en to pass into peripheral nerves, forming peripheral nerve-
tub .
As to the origin of the p ripheral nerve-tubes, my investigations
are aloin that respect very impe~ ct. I have obs rved nerve-tubes
which, probably, come directly from ganglion cells, as they could be
traced j I' long distances in their course through the dotted substance
without ubdividing, only gi ing off some few side-branchlets;
I) Vide al 0 my de cription of the neryc-tubes of the Mollusca. p. 94-<j6.
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they were often directed towards groups of ganalion cell ; I ha\ e
not, however, succeeded in observing any direct combination with
the latter. Other peripheral nerve-tubes could be seen to subdivid
soon after their .entrance into the dotted substance.
A significant relation is that, a great many nerve-tubes of th
peripheral nerves are considerably larger in the periph ral parts of the
latter, than they are near their origin in the pedal nerve-cord, and in th
latter itself. As to the size of the nerve-tu bes; the pedal nerve-cord
and the first parts of the peripheral nerves are very much alike, and
it is presumably the same substance, viz. dotted substanc , that forms
both. To make this correspondence quit complete, a great man)"
ganglion cells also occur in the tirst parts of the peripheral nerve'.
especially in the larger ones (e. g. vide fig. 20, gc). Thu, it I' all)"
looks as if the first parts of the larger peripheral nerve , is uing from
the pedal nerve-cord of Patella, also belong to the central n rvou
system.
The fact that the nerve-tubes in the peripheral parts of th
nerves have generally a larger diameter than the nerve-tube n ar
the origin of the nerves, can not, in my opinion, be explained in any
other way than that the former to a great extent arise by a union
of the latter. In other words, the roots of the n rves contains.
to a great extent, only the elements of the peripheral n I've-tub ,
and the formation of the latter does not take place in the pedal
nerve-cord or the central nervous system only but also in th·
peripheral nerves themselves.
The AecidianB.
I have already, in a previous paper, given a preliminary report
of the results of my investigations on the dotted substance of th
Ascidia (vide I. c. 1886), and my present description will partly be,
only a confirmation of what is there stated.
In well prepared transverse sections of the brain, the dotted'
substance exhibits a distinct reticulation with minute round me h s
(vide fig. 87). These meshes are comparatively larger, and mOl'
distinct, than those we found in the clotted substance of Patclla;
their walls are distinct and rather uniform. Upon close examination
of transverse as well as longitudinal sections, they may be seen to
be produced by a transsection of nerve-tubes, and the walls of thc
meshes in the reticulation are only the transsected sheaths of the'
tubes. This may partly be seen in longitudinal sections where a
great many nerve-tubes are longitudinally transsected and show
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a longitudinal course; it is especially prominent near the anterior
and posterior extremities of the brain where the large anterior and
posterior nerves issue, and where, consequently, a great many nerve-
tubes converge towards their roots, causing longitudinal sections to have
a longitudinal striation (fig. 88), whilst transverse sections of the same
parts exhibit a distinct reticulation with meshes of about the same
diameter as the intervals between the longitudinal lines of the longi-
tudinal sections. In the mesial parts of the brain, the nerve-tubes
run in more diversified directions, and thus longitudinal as well as
transverse sections exhibit a reticulation, as tubes are transversally
transsected in both; some tubes are, however, obliquely, or partly
longitudinally transsected and appear then, in the sections, as oblong
or elongated meshes. As the nerve-tubes forming the dotted sub-
stance vary in diameter, the meshes are consequently also of
various sizes.
In the walls between the meshes, slender fibrillce are seen to
run in all directions, forming an intricate web or plaiting between
the tubes, but neither these fibrillce nor the larger nerve-tubes can
be seen to anastomose with each other, and thus no real reticulation
is formed by either of them; the dotted substance consists of a web
0" plaiting 01 ne1've-tubes and fibrillOJ 1), and it is only the tmnssection
of the tubes which, in section, gives the su,bstance the appearance of
containing a reticulation.
In macerated preparations of the dotted substance, a great many
tubes and fibrillce are easily isolated. Fig. 89 represents such a
preparation. It is here distinctly seen that, no reticulation and no
anastomoses are present. From some tubes side-branches are
giv n off.
n xamination of the origin of these nerve-tubes and fibrillce
it will b s en that they have the very same origin as they have in
th animals previou 1yexamined. A gr at many come from ganglion
ells, and a great many pass on to constitute the peripheral nerves,
and from both fibrillce and side-branches are given off.
The n rvous proce ses issuing from tile ganglion cells are of
1) The c fibrill. > Me partly nerve-fibrillre, partly neuroglia-fibrillre. The nerve-
fibrill have, probably all of them, a tube-structure like the huger nerve-tubes;
i. e. an external heath enclosing a semi-fluid hyaline contents, hyaloplasm. In
ncrve-fibrill:c which nre not too slender, thi- tube-structure may be seen on close
examination. The neuroglin-fibrill:c are often 'een is uing from neuroglia-cells
which frequently occur in the dotted substance. I am not in a position to say
anything with certainty about their structure at present.
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the same two types previously described. Some processes retain
their individuality, and pass directly to form nerve-tubes whilst giving
-of slender side-branches (fig. 55-57; 87, c; 89, gc). other proce e
lose their individuality and are broken up into slender branche losing
themselves in the plaiting of the dotted substance (fig. 87, a, b, d. e).
I have been able to trace both these types of processes, only for
<:omparatively short distances through the dotted substance, but
still the difference between them is generally possible to distinguish. ')
As before said, a great many of the nerve-tubes of tl1e dotted
substance go to constitute the peripheral nen es. Many of the c
nerve-tubes are, consequently, direct continuations of the nen'ous
processes from ganglion cells of tl1e one type; the e nerve-tub s
probably form peripheral nerve-tubes directly. A great many
of the other nerve-tubes and fi bri II <1:, constituting tlle nervc,
-are either continuations of the slender branches arising from th
subdivisions of the nervous processes of the other type (th s
fibrill<l: are extremely slender, and in the roots of the nerv thcy
unite to form thicker tubes), or they spring from a union of imilar
fibrill<l: or branches; perhaps the side-branches given off from the
nervous processes of the first type also contribut to the forming of
these nerve-tubes.
As constituents of the peripheral nerves, present in their roots,
we have thus elements of two kinds; viz. I) nerve-tube which arc
·direct continuations of nervous proces es, but which, how· vcr, ar
partly strengthened by the junction of slender side-branch s, and
2) nerve-tubes arising from a union of slender tubes or fibrill<l:.~)
I) As is mentioned in my previous paper on the nervous system of the
Ascidia (I. c. J 886), small ganglion cel1s occur in the dotted substance (vide
fig. 87, f. g). Those cel1s have generally a tripolar or multipolar form (bipolar cells
also occur). Fig. 57 represents such a cel1, isolated, in a macerated preparation.
The protoplasmic processes of these cells are, general1y, directed peripherical1y
towards the external layers of the brain, whilst the nervous process has very often
a longitudinal course through the dotted substance. I have often, both in maceratecl
preparations and in sections, been able to trace such nervou processes for some
distance of their course through the brain, but have rarely observed any sub-
division of them. I think it therefore probable that the)', to a certain extent, arc
directly continued into peripheral nerve tubes; some of them are, however, broken
tip into branches losing themselves in the dotted substance.
2) It may here be mentioned that, I have vbserved ganglion cel1s situated in
the roots of the nerves and sending their nervous processes directly into the nerve.
In fig. 88, which represents a part of a longitudinal section through the anterior
end of the brain of a Corella, such a ganglion cell (gel is seen situated at the
root of one of the anterior nerves. I am not in a position to state whether the
nervous processes of these cells send off side-branches.
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euroglia-nuclei are scattered through the dotted substance of
the Ascidia; they distinguish themselves from the nuclei of the before
mentioned ganglion cells, also occurring in the dotted substance,
by a darker staining, a more oblong form, and a more granular
appearance; they are also generally of a smaller size than the latter.
As before said, neuroglia-fibres are very often seen in connection
with these neuroglia-nuclei. Sometimes neuroglia-nuclei are seen
adhering to the nervous processes issuing from the ganglion cells
(vide fig. 87).
Summary.
If we now gather together the results of our previous researches
on the structure of the dotted substance, and if we assume them
to be applicable to the dotted substance of all invertebrated bi-
laterates - which we may probably do, seeing the correspondence
between the principal characteritics in the structure of the various
groups investigated - we may give the following summary of our
investigations:
The dotted substance of all invlWtebrated bilaterates consists.
chiefly of nerve-tubes, and primitive-tubes (and nerve-fibrillce which
are only small primitive-tubes); these tubes consist of a neuroglia-
sheath, and a semi-fluid contents (hyaloplasm), they have conse-
quently a structure similar to the primitive-tubes of the nerve-tubes,
only that their sheaths are stronger than the spongioplasmic ones
of the latt r.
The tubes and fibr.alce forming the dotted substance do not
anastomose with each other, but form, only, a more or less intricate
w b or plaiting. The reticulation seen in sections, and described by
various authors as a real nervous reticulation, is no reticulation,
but i produced by the trcmssection of the tubes forming the dotted
sub tance, and the meshes of the reticulation are only the transsectea
heaths of these tttbes. The "intet'fibrillar substance", described by
variou authors, is th hyaline hyaloplasm, which forms the contents
of the tubes, and is the real nervous substance. t)
I) I think it probable lhat it is the ame substance which Rawitz describes.
as myeloid substance. He-rmalln's .Zwischensubstanz. (cr. p. 46) is evidently
hyaloplasm. The .Knotenpunkte., described by Hennann, are, r suppose, thicke-
nings in the heaths or the tubes, they can not be neuroglia-nuclei, as they seem
to occur in too great abundance.
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The origin of the nerve-tubes and nerve-fibrillce (primitive tubes)
of which the dotted substance consists is the following:
I) The branches of thos nervous processes which lose their
individuality and are entirely broken up into slender branches.
2) The side-branches of those nervous processes which do not
lose their individuality but directly become nerve-tub s whil t giving
off side-branches on their course through the dotted substance.
3) Those longitudinal nerve-tube which run along, through th
dotted substance, especially of the ventral nerve-cord, and which
partly pass into peripheral nerves.
4) The side-branches given off from those nerve-tub .
5) The branches of those longitudinal nerve-tubes which are
entirely broken up into slender branches losing tllems Ive in th
dotted substance.
6) The slender tubes or fibrillce which unit to form those
periph ral nerve-tubes which exclusively spring from til dotted
ubstance.
7) The side-branches joining those peripheral nerve-tub s which
spring directly from ganglion cells, i. e. which are dir t continua-
tions of nervous processes from ganglion cells. The e sid -branch
are consequently partly the same as those mentioned in 2.
Besides nerve-tubes and tibrillce, neuroglia-cells and fibres ar
also present in the dotted substance of all invertebrated bilat rate .
The neuroglia-nuclei have generally an oblong shape with a granular
appearance.
4. The combination of the ganglion cells with each other,
and the function of the protoplasmic processes.
In the historical introduction to this paper it is point d out that
two views as to the combination of the ganglion cells have specially
been prevalent amongst the previous authors (vid p. 64-65).
We will now examine the conclu ion in thi r spe tour pr sent
researches must lead us to.
A direct combination bettoeen the gamglion cells is, as we have
een, not acceptable. In spite of the most persevering investigations
I have not been able to find any direct anastomosis of indubitable
nature between the processes of the ganglion cells. Wher I thought
to have found an anastomosis it always on application of the strongest
10
lenses resolved itself into an optical illusion. In a few cases I have
certainly observed short bridges extending between neighbouring
cells, these bridges have, however, in my opinion, evidently been
remnants of cell-divisions, and are therefore of but little interest
to our present subject; they had not the appearance of common
processes.
If a direct combination is the common mode of combination
between the cells, as most authors suppose, direct anastomoses
between their processes ought, of course, to be quite common.
When one has examined so many preparations (stained by the
most perfect methods) as I have, without finding one allastomosis
of indubitable nature, I think one must be entitled to say, that
direct anastomosis between the processes of the ganglion cells does not
exist, as a rule. \Vhat previous writers have supposed to be
anastomoses is, in my opinion, probably the neuroglia-reticulation
generally extending between the ganglion cells, and the fibres of
which are often difficult to distinguish from the processes of the latter.
Another objection against a direct combination, and which does
not seem to have been thought of by a great many authors, is the
xistence of unipolar ganglion cells. How is it possible to explain
an existence of unipolar cells, when we believe in a direct combina-
tion by anastomosing processes? Certainly we will be obliged to
say with VIRCHOW, and others, that - the closer we examine the
nervous systems - the fewer unipolar cells do we find; in other
words we can not believe in the usual existence of unipolar cells. I)
') A good instance of the results to which the common theory of the func-
tion and combination of the gnnglion cells must bring us is a recent p:>.per by
Frjtsc/~ (op. cit. Arch. mikr. Anat. 1886). This author says, that the apolar gang-
lion cells have -lange genug in un-erer Litteratur g-espukl.< Improved methods of
investi.l(ations have taught tiS that they were creation of our imagination. And he
continues (I. c. p. 24): -Wenn ich jelzt nach reinicher Ueberlegung erkliire, class
die ullipolaren Canglienzellen denselbeu \V~g wie die apolaren wandern werden,
so muss ich fiirchten, aug-enblichlich noch dem energichsten \\'iederspruch zu be-
Il'egnen. < I agree with the author ill the latter point, he will certainly meet
opposition. F urlher on in the s:>.me paper he says (p. 29): -dass es der Natur der
Ganglienlellen Uberhnl1pt wiederspricht, als einlelnes Element nur eine Verbindung
mit cler Peripherie zu hnben.. And:. Eine wirchlich unipolare Zelle ist fUr den
Organismus nicht viel mehr werth als eine apolare Zelle.< This is in my opinion a
quite logic conclusion if we suppose that the common view of the nature of the gang-
lion cells is correct. When now, however, unipolar ganglion cells actulllly exist,
can that easily be supposed to be the fault of the ganglion cells? or is there not
n po sibility thnt our "iew of the nature of the ganglion cells is incorrect? We
aD not change the the realit)' according to our ideas but we can change our ideas
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But tee must bel~ve in it. We need, for instance, onl} go to the
nervous systems of the lobster, and we shall be quite convin ed of
the existence of real unipolar cells. If those large ganglion c lls of
the lobster have several processes, it is strange that we hould not
be able to observe one of them by our present modes of investigation.
We are thus obliged to reckon with real unipolar cell, ind ed
we are obliged to reckon with nervous systems containing almost
entirely unipolar ganglion cells, and how could direct combination
between the cells be present where ther are no proce to pr -
duce the combination. We thus see that also for that reason Wt-
are obliged to abandon the theory of the direct combination b tw en
the ganglion cells.
Two questions which will now present thems Ives are:
How is the combination between the ganglion cells produc d?
and what is the function of those processe which were previou Ir
thought to produce the direct combination between th cells?
We will first examine the latter question. A b fore d scrib d,
the processes of the ganglion cells are of two kind : 1~el'l)OtIS pro-
cesses and protoplasmic processes. Of nervou proces e a h c II
(unipolar or multipolar) has alwa} s one and never mor ; th 11 rvou
processes are always directed towards the dotted uDstan ,or in
a few cases they may pass directly into periph ral nerv s (cr. p. 143,
note I). It was not, however, these processes which w re g n r-
ally supposed to produce the combination betw n th cell, but it
was the protoplasmic processe .
The P"otoplasmic processes. - Wh n a ganglion c II is
bipolar or multipolar, then th proce es it po es es, b id s th
nervous process, are protoplasmic processes. Th e protoplasmi
processes are not directed towards the dotted substance, but g ner-
ally have a p ripheral direction towards the ext rnal lay rs of the
central nervous system. In a great many cases I have b n abl
to trace such processes just to their communication with the peri-
according to the reality, some people can, at nil events; a the mountain would
not walk to Muhamed, Muhamed had to walk to the mountain. In chapter 7 w'
will have an opportunity to discuss this subject somewhat more circumstantinll)'.
(Regarding unipolar cells etc. vide also my quotation from Rawitz's paper
p. 66.)
As sub equently may be seen, it is, in my opinion, of no importance as t"
the combination of the cells whether they are unipolar or not. 1 rio not at all
doubt the existence of the slender processes Frit8ch describes in his ganglion
cells from the ganglion gas/Jen of Loplliu8, but I suppose them to be protv-
plasmic processes, i. e. flutritive processes.
, n*
neurium enveloping the nervous system (e. g. vide fig. 50, ppr).
In Patella I have even found ganglion cells with similar processes
in peripheral nerves (e. g. vide fig. 20, ge, the nervous process
of this cell is not distinctly seen in the iIlustration), Whether the
protoplasmic processes, as a rule, extend to the perineurium, like
what is the case in the spinal cord of Myxine (as will be sub-
sequently described) I do not know, as they are generally lost in
the neuroglia reticulation extending between the ganglion cells (e. g.
vide fig. 47, 50, 7 I, 73). In the brain of the Aseidia, as well as in
the nervous system of Patella, I have found bipolar and multipolar
ganglion cells situated in the dotted substance, and sending their
protoplasmic processes towards the periphery of the nervous system
Like Prof. GOLGl I belive the function of the protoplasmic pro-
cesses to be a nutritive one; when the ganglion cells can not get
sufficient nutrition in their neigbourhoocl, they have to send processes
towards the periphery of the nervous system, or out into the loose
neuroglia reticulation, where there is sufficient nutritive fluid for the
processes to absorb. I) This is the reason why the protoplasmic pro-
cesses have generally a peripheral direction, and why they chiefly
occur in cells which are somewhat deeply situated in the nervous
system, i. e. at some distance from the periphery. The ganglion
cells situated near the periphery do not need any special organs to
absorb their nutrition from the fluid surrounding them, neither do
the ganglion cells situated in a loose neuroglia-reticulation need any
(compare the ganglion cells of the lobster).
Though we have of course no proof of the real function of
the protoplasmic processes, I think this theory of their nutritive
function is very probable, and explains a great deal which, else,
may em in xplicabl. What other function could we suppose them
to hav when they terminate under the perineurium, what they
actually do, at all events, in a great many cases ( - Indeed, I do
not, at pI' sent, e any acceptable explanation besides this one
suggested by GOLGI. Subsequently, we will have an opportunity to
tat som oth l' t:,ct which will still further add to its probability.
The combir~a,tion of the ganglion cells. - Having thus
luci lated that no combination between the cells can be produced
by the protoplasmic proce ses, and as it is very improbable that
any coml ination between them can be produced by the neuro-
glia, I uppo e it to b mo t probable, if not certain, that if any
I) Where there are blood-ves els ;n the c('ntral nerve-system leo g. in the
Vertebratal the protorla mic processes can often be een to be directed towards
the cOllnective tisslle surrounding the blood-,·cssels.
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combination upon the whole exists between the ganglion c II , th n
this combination must be produced by the nervous proc sse. That
such a combination can exist, with the dotted substance as a 111 dium,
we will easily understand when we think of the course of the nervous
processes. As is previously mentioned, there may be drawn a
distinction between two types of ganglion cells in respect of the
course of their nervous processes; viz. I) ganglion cells with n rvous
processes which directly become 'zeJ'Ve-tubes and thus do not lose
their individuality, though they have no isolated course but give on
side-branches to the dotted substa'lce; 2) ganglion cell with nen ou
processes which lose their individuality and b) subdivisions are
entirely broken up into slender b"anches, losing themselves in the
dotted substance.
We have, thus, slender branches given off to the dotted ub-
stance, by both kinds of nervous processes. What is to pre\ enl
these branches standing in communication with each other, eeing
that they are so intimately intermixed. Certainly, I hav not b en
able to observe such a communication, but seeing how very intricate
these structures are, we need scarcely at present expect to do o.
In fact, I do not see any objection which can justly b made to a
combination existing between the ganglion cells by help of the nervous
processes and their branches. Still, I do not lay much tr upon
such a combination exi ting, or not existing, a in a sub quent
chapter will be explained; the principal qu tion, in my opinion, is,
how is the combina,tion between the ne"ve-tubes produced.
5. The nervous elements of Amphioxus and Myxine.
Though I propose to res rve the n rvou systems of Amphioxus
and Myxine for a future special memoir, I will, her , for th sak
of comparison, make some remarks on the structure of their n rvous
elements.
Amphiox~a lanceolatua.
As is known from the descriptions of previous writers 1) th
spinal cord of Amphioxus has, along the centre, a groove or
canal extending from the dorsal side and surrounded by and epi·
') Owsjannikow (I. c. (868) and Stieda (I. c. 1873) may especially be men-
tioned. 1 regret to say that 1 ha\'e had no access to Stieda's paper; I only know
it therefore from the abstract of it ill Hofmann's and Schwalbe's Jahre 'b. d.
Anat. u. Phys. Bd. 2. 1875.
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thelium of cylindrical cells, and outside this epithelium a limited
number of ganglion cells (vide fig. 90). The rest of the spinal cord
consists of white substance.
The white substance and the nerve-tubes. - As is easily
seen in transverse sections, the white substance of Amphioxus con-
sists, chiefly, of longitudinal (partly also transverse) nerve-tubes, which
in transverse sections are transsected and give the section the ap-
pearance of containing a reticulation (vide fig. 90). Some of the
longitudinal nerve-tubes are very large, and very much resemble, in
their appearance, the large nerve-tubes which are, for instance,
pre:.ent in the ventral nerve-cord of Nereis. They are especially
situated in the lateral ventral parts of the white substance (vide fig. 90).
The large tubes, which OWSJANNIKOW has described as blood-vessels,
are colossal n~rve-tubes. There is one colossal nerve-tube running
on the ventral side of the nerve-cord, just under the central canal
(fig. 90, vnt). One colossal nerve-tube generally runs, laterally, in
each !::ide of the spinal cord (fig. 90, lnt). These three nerve-tubes,
especially the ventral one, are so far as my experiece goes, the
largest on s existing in the nervous system of Amphioxus.
The small nerve-tubes vary very much in size, and some of
them have an extremely small diameter.
There are no blood-vessels present in the spinal nerve-cord.
The white substance is traversed by a great many radiating
fibres, issuing from the cylindrical cells of the epithelium investing
the central groove, and passing to the sheath enveloping the spinal
cord, with which sheath they unite.
The stntcture of the nerve-tubes. - The nerve-tubes have
a structur , quite similar to what is found in the invertebrates we
hav b fore examined. They consist of a rather deeply staining
heath and a less staining contents. The sheaths are generally very
thin. Th content consist of primitive tubes, quite similar to those
which ar , for instance, present in the nerve-tubes of Homarus.
Th primitive tubes may easily be seen in the large nerve-tubes
(vid fig. 91); the spongioplasmic walls separating the tubes contain-
ing hyalopla m are here very distinct.
The gangliot~ cells. - The ganglion cells occur rather spar-
ingly. Th ~y are situated on both sides of the central groove outside
the pith lium. orne ganglion cells are very large (vide fig. 90, gc)
but generally they have a moderate size. They are usually multi-
polar, have always only a single nervous p"ocess, the other processes
are protopla mie one. The protoplasmic processes seem gen~rally
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to traverse the white substance and to extend to the envelope
of the spinal cord. In a great many cases, I have be n able to trace
them to the external layers of the white substance (vide fig. 90, pp;
92, pp). In some cases I even believe to have obser ed cells which send
protoplasmic processes to the envelope on both sides of the spinal
cord; fig. 90, gc represents such a case; though th re is not quite
complete continuation of the process in this section, it eem. how-
ever, to be the same process which crosses the central canal, sub-
dividing and sending its branches just to the external en lope on
the other side. The relations of the protoplasmic proce se Ill,
thus, to be the same in Amphioxus as are found in the other animals.
examined, where such processes were present; viz. they are periph ri .
ally directed (here traversing the white substance). If we assume that
they have a nutritive function this is easily under tood, becau e a
there are no blood vessels present within the nerve-cord, the pro-
cesses must penetrate to the external layers to absorb nutrition.
I have not yet had sufficient opportunity to investigate the
course of the nervous proces es, and will therefore r erve them
entirely for the future memoir.
The protoplaem of the ganglion cells has, in ections, a
reticular appearance, produced, as I suppose, principally by a trans-
section of primitive tubes, composing the chief con tituent· of tll
protoplasm (vide fig. 92, gc). These tubes pen trate into loth tll
protoplasmic and the nervous processes and form their cont nt·,
whilst giving them a longitudinal . triation. The protoplasmi pr·
cesses have, however, a more granular appearance than th ncrvou
processes.
The cylindrical cells of the epithelium investing the
central groove (or canal) have, in their external extremities, pro-
cesses which traverse the white sub tance, and unite with the enve-
lope of the nerve-cord, as already mentioned. These fibres ar partly
united into bundles (vide fig. 90), which apparently (livid th longi-
tudinal nerve-tubes into various columns. This division into columns
is, however, only partial as the bundle do not form any continuous
septa; they are only seen in some s ctions, whilst in other . ctions
bundles of similar fibres may occur on oth r plac s. There ar',
however, some definite places where such bundles of fibres spe j-
ally occur; as some of the most prominent of these, two places,
one on each side of the ventral colossal nerve-tub , may be men-
tioned (fig. 90, ns, ns).
I have often observed very strong fibres or ev n bundles f
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fibres of this kind directed towards the nerve-roots, especially the
dorsal ones, and penetrating into the nerves.
It is obvious that the fibres, radiating-from the epithelial cells
of the central groove, and running between the longitudinal nerve-
cord, have just the same significance as the neuroglia-fibres issuing
from the neuroglia-cells of higher vertebrates. No such neuroglia-
cells are found in Amphioxus as are, for instance, found in Myxine
(vide sequel). We may, therefore, assume that, these epithelial cells
are the real neuroglia-cells of Amphioxl~S, and that this neu"oglia
represent the most primary state found amongst the Vertebrata. In
the description of the neuroglia of Myxine we will have an oppor-
tunity to return to this subject.
Fibres are often seen crossing the central groove; these fibres
seem partly to be neuroglia-fibres, partly nerve-tubes and, as we
have seen, partly also processes from ganglion cells.
As to the origin of the nerve-tubes of the ventral and dorsal
nerve-roots, my investigations are yet in this respect very incomplete,
and must b reserved for the furture paper.
Myxine glutinoea.
It is only the nervous elements of the spinal cord we will, here,
describe.
The white substance. - On examination of transverse and
longitll linal sections of the spinal nerve-cord of Myxine it is easily
s en that the white substance chiefly consists of longitudinal nerve-
tub s, which vary a great deal in size. The large tubes, the so-
call d »M LLlm's nerve-fibres«, are especially situated on the v(ntral
side. Between the large and largish tubes and through the whole
whit substanc a multitude of very slender longitudinal nerve-tubes
o cur; th white sub tance has thus in well preserved transverse
secti n :l reticular app arance (vide fig. 100) quite similar to that of
a s tion through th· dotted sub tance of the ventral nerve-cord of
an invert brate (e. g. Homarus and Nereis). Between each of these
tubes a multitude of extremely slender tubes (neuroglia-fibres and
bran h s from the protopla:mic processes of the ganglion cells) run
tran versally. The e tra n ver e fibres are not v ry di tinctly seen
in well pr served section' as fig. 100; they are, however, very
on picuou in sections of preparations where the contents of the
I ngi tudinal tub have hrunk in 0 much that the transsected tubes
hav th appearance of empty va uoles, the white substance has
her I ecome very transparent (vide fig. IO[). They run from the
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grey substance and just to the periphery of the white sub tance
(to. the sheath of connective tissue). They seem to compo e a siani-
ficant constituant of the white substance. Subsequently they \\ ill be
more circumstantially described.
The structl~re of the nerve-tubes is the same, in Myxine.
as in the other animals examined. The nerve-tubes consist of a
distinct external sheath, and a contents containing spongioplasm and
hyaloplasm. The external sheaths are rather thin (\ ide fig. 100).
The contents of the nerve-tubes consist of p";mitive tubes. In
the large nerve-tubcs (MOLLER'S nerve-tubes), the primitive tube are
very distinctly seen (vide fig. 100, lnt).·) Upon th whole, it is striking
how very much these MOLLER'S nerve-tubes resemble the large nerve-
tubes of the lobster; in Myxine I have even observed a tendency
to the formation of an axis along the centre of some larg tubes
(vide fig. 100, lnt') somewhat similar to what is described of the large
nerve-tubes of the lobster (vide p. 87).
Medl,tllated nerve-tubes are not obse"ved in the spinal cord
of Myxine.
The gan.Qlion cells are situated in the grey substance; they
are, as a rule, multipolar, have always one nervous process each,
and generally several protoplasmic ones.
The protoplasm of the ganglion cell'> has, in sections, always a
minute reticular appearance, with spongioplasmic meshes containing
a less-staining substance; the meshes are, to a great extent, produ-
') [ think it is very strange that pre\'ious authors have 1I0t scen thc compo-
sition of primitive tubes in the large nerve-tubes of the spinal cord of the fishes.
In his description of the large nerve-tuhes in medulla oblongata of Lophius,
F,'it~ch says (I. c, 1886, p. 22): .Der Faserliingsschnitt zeigt, dass die Fibrillen
lIicht regelmassig parallel an!{eordnet sind, sondern sich vielfach durchAeehten . , .. _
It is obvious, in my opin on, that F"l:tsch has seen the spongioplasmic walls of
the transsected primith·e rulH'S and hns called them .Fibrillen«.
Stilling 11::1S long time agoo (I. c. 1855) decribed the contents of th> nen'e-
tubes of the Vertebrata as consisting of slender tubes; he said himself in his
paper that there would likely go a long time before anybocly could state the Cllr-
rcctness of his obsen'ations, as it was only by hell' of new und very high po ..... ers
of the microscope he had heen able to obtain his results. Indecd, there has gOl1e
a long time; no other writer has since been able to see Stilling's .Elemt:ntar-
nervenrorchen.. His observations were made too early. They were of courcc,
imperfect, as he had not the same lenses and modes of investiglltion as we
have at precent; a great deal of what he has seen, has heen artificial products
(e. g. his description of the myeline of the medullated nerve-tubes) hut he has
said that the cylinder-axis consist of slende1· "Elem.ental'r6,·chen" and in this
point I <10 entirely agree with him.
ced by a transsections of the primitive tubes of which the proto-
plasm chiefly consists. These primitive tubes extend into the pro-
cesses and give them a longitudinally striated appearance, the dark
lines of the striation being the spongioplasmic walls of the primi-
tive tubes.
In sections of a great many, especially Large, ganglion cells,
there are in the protoplasm circular or oblong lightly staining areas
resembling vacuoles (vide fig. 96, v) which are very similar to
those, previously mentioned, in the ganglion cells of Homarus
(cf. p. 103 & fig. 25, 27). These areas are transsected tubes of a
lightly staining substance, probably bundles of primitive tubes, which
circulate in the protoplasm and run into the processes. They are
often obliquely or longitudinally transsected and produce then
areas of a~ elongated shape (vide fig. 96, v'). I have observed very
similar tubes or bundles in the cells- of the spinal ganglia of Myxine,
as will be subsequently described, and I have also observed similar
structures in the ganglion cells of higher vertebrates (Mammalia).
It seem3 thus to be a relation of rather general nature, and it is
therefore, in my opinion, strange that it has not previously been
described. We know of course yet too little of these structures to
attempt to say anything of their significance.
The sheath enveloping the ganglion cells. - The gang-
lion cells are always enveloped by a membran or sheath (vide fig.
96, em), which also extends into the process and forms their sheaths
(d. fi.g.96). This sheath is, I think, a product of the neuroglia, or
has, at all events, the same origin as the latter. I have not, how-
ever, hitherto I een able to observe any nuclei situated in the sheath
or adhering to it. Between this sheath and the protoplasm of the
ganglion cells there is, generally, a cavity Ii (fig. 96, ,,) filled with a
lose, apparently reticular substance, which is extremy lightly stain-
ing; this sui stance i omewhat delicate, and is seen in well pre-
s rvcd ections only.
1'he p"otoplasmic processes of the ganglion cells have al-
ways a mol' or less peripheral direction; they subdivide, generally
dich tornically a great many times, and the numerous extremely
sl nder, branches resulting from the~e divisions run, between the
longitudinal nerve-tubes of the white substance, towards the peri-
phery of the :>pinal cord, where they terminate in small thickenings,
.) It is probably the same cavities which are described by Key and Betzizc8
(I. c. 1876: an«1 which these authors supposes to be filled with lymphoid fluid.
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or plates, just inside the sheath. The only methods which affords
satisfactory staining of these processes is the chromo-silver method,
but by its use I have bec:n able to trace them to their extreme
terminations (vide fig. 94, ppr; 104-105). I have. howevcr, also in
preparations stained with borax-ear-mine (fig. 93) or stained according
to HElDENHAIN'S hoematoxylin method (fig. 95) been able to trace
the protoplasmic processes with their branches through the whit
substance and very close towards its periphery if not entirely to
the external sheath.
The same ganglion cell may have protoplasmic proce s, th
various branches of which penetrate to the periphery, both on th
ventral side and on the dorsal side of the nerve-cord (\ide fig. 93,
95, 105, 106).
The slender protoplasmic processe:s and th ir branches resemble
the processes of the neuroglia-cells \ ery much in their aspect and
it is indeed extremely difficult to draw any distinction b tween them,
Both have the same appearance, both come from the grey substance,
and both traverse the white substance towards the periphery wher both
as a rule terminate under the sheath enveloping the spinal cord. In fig.
109, a protoplasmic processes issues from the small ganglion 11 gc, but
this process can not be distinguished from the many neuroglia-fibres, (,
in any respect but that it issues from a ganglion cell. ') A diff renee is
sometimes that the neuroglia-fibres have a straighter course more
directly towards the periphery of the white sub tance than the pro-
toplasmic processes have. I have found no con tant and reliable
difference in the chromo-silver staining of these proces e imilar to
what GOLGI has stated as regards the neuroglia cells and proto-
plasmic processes of the Mammalia, and what I also hav had
opportunity to observe myself in higher V rtebrata. . ometim s
there was, however, also in JJfyxine a tend ncy towards a more red-
dish staining of the processes of the neuroglia cell .
The branches of the protoplasmic processes of one cell do not
anastom ose, neither do the processes from various cells anastomose.
Though I have examined a considerable number of pr parations.
and although they have been most perfectly st<lin e1, in this r pect,
I have not yet ob erved a single case of indubitable ana tomosis
between protoplasmic processes. 2) I believ , thus, that I am entitled
') Vide also fig. 93,gc2 .
2) In my pre,'ious paper on Myxine (I. c. 1886) I have mentioned one
case from the brain where I wa in doubt whether there wa an anastomosis or
not. The more 1 have examined thi preparation, the more do I douht that an
to affirm that a direct combination between the ganglion cells, by direct
anastomosis 01 the protoplasmic processes does not exist.
A thing which I take to be rather puzzling is, that processes
which in their aspect can not be distinguished from common pro- .
toplasmic processes, are often seen to pass towards the periphery
of the nerve-cord; arrived there, they do not, however, terminate,
but run along the periphery and partly back into the white sub-
stance (vide fig. 102, pr, br2 ) I have not found the terminations of such
processes. Some other processes, with quite similar aspect, may
be traced for very long distances, even crossing the ventral com-
missures and passing over into the other side of the spinal nerve-
cord (vide fig. 102, b,..). A great many processes which I have
observed to have a similar course are, near their origin in the cell,
very tl1ick and large, and they give off branches which terminate
in the periphery" under the sheath, quite in the same way as
common protoplasmic processes, whilst at the same time, the main
stem of the process runs along, and takes a course as above de-
scribed (vide fig. 93, mp and 94, mp). It has been possible to trace
similar processes not only in chromo-silver stained preparations but
J have also traced them for considerable distances in preparations
stained with carmine or HEIDENHAIN'S h~matoxylin only (vide fig.
93 and 95). If, now, these processes are protoplasmic processes,
and if the protoplasmic processes have a nutritive function, which
makes it necessary for them to terminate under the sheath ('nve-
loping the spinal cord, it is, indeed, very difficult to understand why
they pass through the nervous system for so long distances without
terminating; why they pass to the other ide; and why they do not
t rminat', but return again, when they arc in the periphery? Thes..:
ar qu tions of so serious a nature that they oblige us to assume
that eith r th s proC{'s es are not wholly protoplasmic processes
though they have their aspect, or that the function of the proto-
plasmic pro esses is not only a nutritive one. J will not decide
b tw cn th s alternatives at present, though I find the former one
mo t probal Ie. It can not be doubted, in my opinion, that some
ana tomosis is really pre ent. If there is an anastomosis, howe,'er, it may be ac-
counted for as a remnant of a cell-division not yet finished, as the bridge between
the cells is very thick and short.
l\'lr. W. S. Colman (1. c. 1884) has actually observed anastomoses of ganglion
cdls in the spinal cord of a human foetus; but there is, in my opinion, little doubt
but that they :lre results ('f divisions of ganglion cells; in two of the cells there
were even two nuclei. what ob,'iously indicates that tbe cells are divi<lio2·
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of the branches given off from these processes are protoplasmic
branches, as they have the same ap~earance and course and actually
t-erminate under tM external sheath in a way entir Iy similar to that of
common protoplasmic processes (as also neuroglia-fibres, vide sequ I).
Could it be possible that these processes are mixed protoplasmi
nervous processes? GOLGI has described and illustrated nervou
processes issuing from protoplasmic processes near their origin in
the cell (vide 1. c. 1885). It may be, that these structure in Mgxine
are processes of a still more mixed nature. More compl t observa-
tions on the course and termination of the main branch of thes .
processes are necessary to decide in this question. I an not omit
to state that it has not been possible to find any other proces e
which looked like nervous processes and which is ued from th
same cells as the >mixed processeSt, described above.
The nervous processes. - My observations on th n rvou
processes are yet very scanty. The chromo-silver taining is th
only one which can tell us anything, with c rtainty about th
course of these processes, and upto this time it ha be n exceedingly
difficult to get any perfect taining of them. They hay a smooth
and less granular aspect than the protoplasmic process. The. 1 nder
branches have generally at certain interval variocele (vid fig. l03, 104).
From what little I have s en it is probabl that in Myxine
there are also two forms of nervou processes, viz.:
I) ervous processes, which do not lose their individuality, as
they are directly transformed into nerve-tubes; they have, how ver,
no isolated course, as they give of( slend r side-branch s. Fig. 103, gc,
represents a ganglion cell with such a nervous process. Th proce
has often varicose thickenings at the origin of the side-branch s.
Processes which have no side-branches, but sometimes varicos thi ken-
ings at certain distances, are also seen (vide fig. 94, gc l , gct ), r think.
however, that the absence ot side-branches issuing from th thicke-
nings is only owing to imperfect staining. Nervous proc ss s of
this kind are often seen to pass through one of the commis ures
and over into the other side of the pinal cor I (fig. 94).1)
2) Nervous processes which lose their individuality and arc n-
tirely broken up into slender branches. Fig. 103, gCa and 104 repr sent
ganglion cells with such processe. In their slender parts the I ran h s
I \ In fig. 103, gc'1. is seen a gallg'lion cell with a process which crosses the
commissure and which could be traced fur some distance over into the other side;
this process had the aspect characteristic for protoplasmic processes, but jUdging
from its course I think it is a nervous process. At a a branch was given ofT.
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of these processes have, generally, varicose thickenings at each places
where they subdivide. They have, generally, also a great many
variocdes where no side-branches are seen, I suppose, however, this
is only owing to an imperfect staining. and that side-branches are
given off at each variocele.
The branches 01 the nervous processes do not anasto-
m 0 se. - They contribute to form a reticulation, or rather interlacing
of nervous fibrill~ which extends through the grey substance, and
which also seems to extend into the white substance.
The origin of the peripheral nerve-tubes. - In horisontal
sections of successfull chromo-silver stained preparations of the
spinal cord, it is easy to observe that, the nerve-tubes Of the
dorsal (posterior) nerve-roots ') subdivide dichotomically, just after
their entrance into the spinal cord; some of them subdivide even
before they have reached the cord (vide fig. Ill, a).
As far as my experience goes I dare to say that all nerve-tubes
subdivide, it has in my opinion therefore, only been optical illusions
which have occasioned previous outhors (e. g RAJ."ffiOM & THOMPSON
[I. c. 18861 and others) to state that, they have observed some of
these nerve-tubes to originate directly from ganglion cells; these
authors will, I hope, forgive me this denial of their statements, when
I tell them that such an illusion has once deceived myself, before
I obtained perfect chromo-silver stained prepations (cf. my previous
paper 1. c. [886). The fibres which I at that time observed (and
which probably the other authors have also seen) were neuroglia-
fibr s issuing from neuroglia-cells in the grey substance and inter-
mixing with the nerve-tubes of the dorsal nerve-roots (vide fig. 93, II')
The two branches resulting from the dichotomical subdivi-
sions of the II rve-tubes separate, and run in opposite directions,
I ngitudinally, along the spinal cord. I have been able to trace
th s branches for considerable distanc s along the cord but, as
a rul , I have found no new subdivisions; neither have I seen
th m pas ing over to the other side of the spinal cord. In a very
f, w as s, I b liv to have seen very slender side-branches to be
giv n off (vid fig. [, 2, bY). My investigations on this subject are very
far from bing finished, and I hope yet to be able to make im-
portant observations in this respect. From what is already observed,
I) It may be noticed that in my previous paper (I. c. 1886) there is in the
English translation (.<\nn. mag. nat. hist. 1886) printed -dorsal nerve-rodsr and
.ventral nerve-rodso instead of dorsal nerve-'roots and ventral nerve-,·oots.
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I am however, at all e\'ents, entitled to say that, the t1el've-tllbes
of the dorsal (posterior) nerve-roots have '10 di"ect origi,~ trotl! ga'/g_
liOn cells.
The ,~erve-tubes of the ventral (anie"ior; ne''fJe-''oots
do not subdivide after they have entered the spinal ,~e'·ve·
e:or a, according to my observations. I have be n able \0 trace
them for considerable distances into the nerve-cord, in chromo- ilver
stained preparations (vide fig. 105) as well a in carmin and
h<ematoxylin preparations (vide fig. 93 and 95) but no subdivi ion
have been discovered, though the tubes are thick and ea y to ob.
serve; slender side-branches are, however, given off (vide fig. 93, 'Ibr;
lOS, sbr).
In a r. \V cases only have I been able to trac their di,-eet com.-
bination with ganglion cells (vide fig. 106) and the tube which in
these cas s had a direct combination were comparatively \' ry thin.
From what is seen, there can, however, be no objection to the
assumption, that all the nerve-tubes of the ventral nerv -root ar
directly connected with ganglion cells, indeed, I think thi i all but
certain, seeing that these tube have no subdivi ion. ; but it i pro·
bable that the thick ones paSs for some distance through the white
and grey substance before they united with th cell. gr at
many of them seem to pas over into the other side f th pinal
cord crossing the ventral tran verse commis ure.
I will not omit to mention a section which I onc obtained
of a chromo-silver stained preparation. A part of tllis s cti n is
illustrated in fig. [02 which is drawn under th camera lucida and
is an exact representation of what was seen in the pr paration.
The nervous process (mpr J ) or perhaps »mixed process« (cf. above)
issuing from the ganglion cell gc, i s n to give ff a thick branch
(br.), which passes towards the ventral (anterior) nerv -r ot (unr).
This branch becomes very thin towards the periphery of th whit
substance and can not be traced entir Iy into th ventral n rv -r ot,
though there only wants an extrem Iy short distance. Wh ther
this branch was really connected with the v ntral nerve-r t (was
transformed into a peripheral nerve-tub ), and it was only wing to
an incomplete staining that it could not be trac d into th n rve-
root was very difficult to decid . In its whole appearanc this branch
was not at all like common protoplasmic branches, which I c rtainly
very often have observed to b dir ted towards the nerv -roots
(vide fig. 105, ppr; [09, ppr; 93, gCt), but it had that smooth and black
staining which is caracteristic for nervous processes. What is strange
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is, that in the same section (which was somewhat thick) I observed
two similar processes (consequently from other cells) running parallel
to this one, situated one over the other and giving off quite similar
processes at the same place and towards the same nerve-root. I have
drawn only one of these processes (mpr,) in the illustrations in order
not to make it too complicated. These 3 processes were: thus
situated that they quite covered each other vertically; in the illustra-
tion I was obliged, of course, to draw them running beside each
other. Similar instances of processes running quite the same way.
one over the other on the border between the grey and the white
substance and giving off branches at certain places are not rare in
the spinal cord of My:cine.
The longitudinal nerve-tt,bes of the spinal cord. - I
have observed side-branches to be given off from many of the
nerve-tubes runni.ng longitudinally in the spinal cord (vide fig
III, lnt'; I 12, lnt'). Some longitudinal nerve-tubes are also, by sub
divisions, broken up into slender fibrillce (vide fig. 1 II, snt; 112, snt)
whether these tubes are nerve-tubes coming from other parts of the
central nervous system, or they are only branches coming from
some dorsal nerve-roots, I can not decide. In some instances I saw
them cross the transverse commissure and pass over into the other
side of the nerve-cord (vide fig. 1 I I, snt').
The neuroglia. - Neuroglia-cells are situated in great abun-
dance in the grey substance of Myxine. Their nuclei are smaller
than those of the ganglion cells, have a circular or ovate form, and a
somewhat granular appearance. The neuroglia cells have often many
processes (fig. 103, nucl , nuc2).I) These processes do not subdivide much
but, like the protoplasmic processes, the traverse the white substance to
its periphery, and terminate there under sheath enveloping the
spinal cord (vide fig. 95, I). The course of the processes is parti-
ularly ea'y to study, in successful chromo-silver stained sections
where they are seen in great abundance as black, or reddish black.
fibres, passing from the grey substance to the periphery, everywhere.
through the white ubstance. The same neuroglia cells sends often,
at the sam time, processes to the dorsal side as well as to the
ventral side of the spinal corel (fig. 103, nuc l , 1'I1tc.J)' The processes
f th neuroglia cells can, however, easily be traced also in section
I) ]t may be thnt in mtc, and ntl,c~ several neuroglia-cel1s, situated close'
together, have been stained in one body; seeing, howcver, Ihat the many processes
issuc from so comparatively ,·ery smal1 spaces ] think it to be not improbable that
we ha,'e here single cells (at al1 events in 'nuc ,1.
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stained with carmine or hcematoxylin I) (HEIDE HAIN'S hrematoxylin-
staining can especially be recomm nd d). Fig. 101 will probably
give a good impression of in what multitudes th y 0 cur in the
white substance.
The processes of the neuroglia cells do not a.lastomo e,
neither those from the same ceJls, nor thos from differ nt c 11 .
Though I have, for instance, seen so many proce es i uing clo e
to each other as is illustrated in fig. IOS i ) yet I ha not found a
single anastomosis. In sections. stain d, for in tanc , \ ith HEIDE
HAl'S hcematoxylin (fig. 101), it is seen, as, above m ntion d, that ther ,
between the longitudinal nerve-tube of the white ub tan , run a
multitude of slender fibres in every direction, but f1eW.er, lIere, are
anastomoses found. The chief part of th fibr, running b tw n
the nerve-tubes, are neuroglia fibr s coming from the n uroglia c II
and penetrating to the periphery, but some of th m are, also, a
we have seen, branches of protoplasmic proces es coming from th
ganglion cells, and finally some fibres are branch s from th n'rvous
processes. It is, generally, in s ctions, stained in th common way
(i. e. carmine, hcematoxylin tc.), exc edingly difficult to draw any
distinction between these various kinds of fibre or tube .
The cells of the epitllelium sUrrOtHHling the central
canal resemble, in their appearance, very much, th n uroglia cell ,
their nuclei have, to some extent, the form and app arancc of common
neuroglia nuclei. At their exterior extr mities, th cell hav pro-
ce ses which penetrate, at all events to a great extent, to th p riph ry
of the spinal cord on the dorsal side, as well a on th ventral on
(vide fig. 93, 95, 103); these process s are, con equently, quite lik
those of the neuroglia cells. Some processes from thes c II hav a
more lateral direction into the grey ubstance (vid fig. 94, cec; I 2, pee)
I have not been able to trace these proc sses to their extr miti .5)
I) Vide what is said of that p. J 52.
'l) In this preparation I think it i probable that some cells have been stained
at one and same time and have acquired an appearance as if they were one cell.
The illustration is drawn to nature as exactly as possible, and it may be seen thllt
there arc several irregularities in the staining of the mesial part. Similllr prepara·
tions are very often obtained.
I) I n the spinal cord of higher fishes (Teleostii), I have also by chromo-silver
staining been able to trace the processes of the epithelial cells of the ventral cllllal
through the white suustance and just to its periphery where they terminate or unite
with the sheath. As regards the proce ses of thest' central epithelial cells in higher
Vertebrata r will refer the reader to Golgz's observations tSulla fina etc., vide list of
Literature J 885) he has in the spinal cord of the chicken observed similar processes
I J
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The cells situated in the grey substance just outside the epi-
thelial celIs, are quite like the latter. They are elongated at their
interior extremities, and penetrate between ~he epithelial cells to
the central canal (if they cary cillia, like the latter, I can not
decide); at their exterior extremities they have processes wich pe-
netrate to the surface of the spinal cord, like those from the epi-
thelial cells. These cells represent, consequently, a kind of tran-
sition-stage between the common neuroglia celIs and the epithelial
cells surrounding the central canal; indeed, in the many layers of
such cells surrounding the epithelium of the canal, we can find
all possible transition-stages. When we, now, consider that in
Amphioxus the neuroglia principally consists of epithelial cells (we do
not, here, refer to the sheaths surrounding the nerve-tubes etc.) and
there is every reason to believe that this is a primary state from
which the conditions found in Myxine are developed, I think we
are fully entitled to say, that the nettroglia cells have an ectodermal
origin, and spring from the epithelial cells of the cent-ral canal or we
may rather say the cent1'al groove. I)
The nerve-cells of the spinal ganglia. - Before we leave
the nervous system of Myxine I will make some remarks on the
structure of the spinal ganglion cells, as I think, they exhibit relations
which in several respects are of great interest for the subjects treated
of in this pap r. Upon the whole the spinal ganglion cells reminds
in th ir structure very much of the ganglion cells of the central
n rVOllS system of many invertebrates, and, amongst those w have
h re xamined, especialy the large unipolar cells of HomaY1.ts vulgaris.
They represent obviously a less developed stage than that of the
ganglion cell of the spinal cord.
traversing the white substance (,·ide I. c. p. 179). Reg:lrding these processes
ill higher Vertebrata J ,·ill also refer the reader til the various memoirs hy Ainslie
.Hollis (I. c. 1883), Leyd1'g (Zelle und Gewebe 1885 p. 189), Rabl·Riickliard
(I. c. 18 3), Reisstle1' ,I. c. 18641, Jolm Dean \1. c. 1863' and others.
') 1 think it is most probable that the neuroglia cells of the invertebrates
have, nl:o, an e toclermal origin. This may, for instance, easily be seen in Nereis,
where the ventral nerve-cord is not yet fully sep:lrated from the ectoderm. It is,
here, even difficult to see any difference bctween the neuroglia and the ectodemlal
ells, :lnd it is in Illany ca.ses impossible to draw any distinct line between the
cells ellveloping the nerve-cord, and the ectof!ermnl cells situated outside them
(vide fig. 14). I have, here, onl)' consiclercd what we may infer from the nervous
system of full grown specimens. 1n examination of the embryological development
of the nervous systelll, the ectodermal origin of the neuroglia will be still more
evident; on that subject the reacler may bc referred to the recent paper by Kleillen-
bct'g (HI the embr)"ologie of the Annelides (Zeitschr. f. wiss. Zool. 1886).
Fig. 97, 98 and 99 represent s ctions through variou spinal
nerve-cells stained with carmine. Their sheaths are in ection rather
conspicuous, and there is, generally, several nuclei ituated inside
(and also outside) them (vide fig. 97, n; <)8, n; 99, n). These heaths
and their nuclei resemble vel) much the sheaths and nuclei of the
ganglion cells of Homarus. The nuclei are not, howe\' r, pr ent in
such number in the latter as the sometimes are in th pinal ells.
The structure of the protoplasm of the spinal n rv - lis is
very similar to that of the protoplasm of the common gangli nils.
The lightly staining areas (trans ected tubes) ar also pre nt in
sections of this protoplasm, but th yare perhaps still more di tin t1y
prominent and frequently arranged in defined groups. om tim s
they are, in sections, present on two sides of th nucl i in the
elongated cells (fig. 97). somitimes they are pr ent only in On id
of the cells (fig. 98, 99). On careful examination of succ s ful tion
it becomes quite evident that these lightly staining ar as are tran-
sected tubes, or perhaps bundles of primitive tubes. The e tub or
bundles have generally, when the cells are bipolar or elongated, a
longitudinal course through the protoplasm of th ell. an th y
are often logitudinally transsected (fig. 98, v). hat th e tub or
bundles are is not easy to say, my ob ervations ar till too imp r-
feet. In sections of cell where the process s ar 10ngitudinall trans-
sected in their origin, it is, however, frequently n that th
tubes or bundles run towards the origin of the nroces (\ide fig. 9 ).
I think it is probable that they con titute th proces in a way i-
milar to what the bundles of primitiv tub s do in th ganglion cell
of HOmartM (cf. p. 103). In the bipolar cells it is pos ible that th
contents of the n rYe-tube, entering a cell at on . nd, i brok n up
into such bundles of primitive tubes which travers th pr to plasm
longitudinally and re-unite at the other nd to form th· p riph ral
nerve-tube quitting the cell her. As is already known from FREUD'S
paper ~1. c. 1878) there exi t unipolar and bipolar ganglion II in
the spinal ganglion of Petromyeom, and in this respect as in th r
they resemble those of Myxine.
In the nerve-cells of the spinal ganglia of_th frog, M. v.
LENHOSSEK has described »eine seichte, abel' breit durch sharfi
Randel' begrenzte, tellerformige Vertiefung, wh Iche dur h 2-3
rundliche, bisher unbekannte Zellen beinahe vollstandig allsg fullt wirdc
(I. c. 1886 p. 450). This»Vertiefllngc: was situated in th surfac
of the cells near the origin of their processes. In some spinal c 1I of
Myxine I have observed structures which seem to b very like th s .
J J*
Fig. 99 represents a cell with a such structure. The light circular
area x is very distinctly defined. There is a very long nucleus (N),
with some protuberances, situated in one side of this area, in the
centre there is another somewhat lighter corpuscle (N) which is perhaps
also a nucleus. I could, however, see no cells in this area, and
whether it is one cell or contains several cells or what it is, I can
not decide.
The nuclei of the spinal nerve-cells are large and exhibit gener-
ally a distinct chromatin reticulation.
On comparing the main characters in the structure of the
nervous elements of these two vertebrates (Amphioxus and Myxine)
with what is previously described in this paper, we will see that there is
the most perfect correspondence in this respect between the inverte-
brated bilaterates and these inferior vertebrates. But as we can
not easily suppose that their is any principal difference between
them and high r vertebrata in these respects, we may thus assume
that the principal results arrived at in thjs paper are applicable to
all bilaterates. In a future paper I hope to be able to pay a more
special attention to the nervous elements of the vertebrata.
6. The combination of the nerve-tubes with each other.
A question of much interest arises, viz. how is the combination,
b tw n the n I've-tube produced, or rather how i the impression
r eived by a ensitive nerve-tube conveyed to a motoric on. To
expres it in another way me may ay, which lements has an
irritation of a sensitive nerve-tube to pass, to produce a refl x-
m vement?
v ry ol11l11on theory is, as is well-known. that an irritation
f a sen'itive n n'e-tube passes to a »s nsitivec ganglion cell, then,
fr m this ·11, through a protoplasmic process to a motoric ganglion
II ancl lrom that cell it passes into a motoric nerve-tube to
pr dLlce a retlex-mov m nt. In a pr vioLl chapter (ch. 4, p. 148),
it is, I hOI e, ut'ici ntly pro cd, that in the invertebrated bilaterates
ther i no djr ct combination between the ganglion cells through
tll' protopia 'mic proce scs, neither is there in Myxine (as we have
cen in the previous chapter); the above quoted theory of the
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course of an irritation producing a reflex-movement is therefor for
this reason alone not maintainable.
Before we enter into the inquiry of how a combination between
the nerve-tubes is produced, we will examine if there i an) mor-
phological difference to be observed between motonc nerve· tube '
and sensitive nen'e-tubes,
As ~ is abO\ e stated the n("rve-tube of the dorsal (po teri r)
nerve-roots of the spin'll cord of Myxine ubdi"ide, immediat Iy
after their entrance into the nen'e-cord and thu lose their individu-
ality, whilst the nerve-tubes of the " ntral (anterior) ner c-root
retain their individuality and eem to pring directly from anglian
cells, whilst gi"ing off slender side-branches.
I have also observed similar conditions in the pinal cord of
higher vertebrata, J have e,'en been able to obtain here mar
complete observation on the subdivisions of the nerve·tube of th
posterior nerve· roots.
My observations fully agree ther for with those of Prof. C.
GOLGI in this respect; and as GOLGI says, J think we ar entitled
to assume that, in the spinal nfl've-conl, the sensitive tICI've-tubes
a1"ise from a junction of lC1lder 1lerV01lS fibrilla', whi1 t th motoric
nerve-tube' are direct continuafion of nel'vous pToces es (from g:lIlg-
lion c Ils) which hOWe! er give on' lender side-branches. Jf thi i~
corr ct the oppo ite conclu ins em , al 0, to Ie admi ,ibll', at
all ev nts to a certain xtent, viz. that nerve-tubes ari ing fr m a
junction of nen'ou fibrillce are sensitive nerve-lubes, \ hil t nerv -
tubes springing directl), from ganglion cells are motoric nerve-/1Ibe '
In the brain of the vertebrata, we find nerv ·tube riginating in
both ways, and hence, I think, th re, i every r a on t bL liev
that the same morphological difference I et\\' en motoric and. n-i·
tive nerve·tubes are th re pre ent.
Having now settled what morphological differenc ther appears
betw en the origin of sensitive and motoric nerv ·tubes in v rte·
brata, and seeing that in invertebrata quite a similar differenc i
present in the modes of origin of two kinds of n rve·lul es, J think
we are entitled to conclude further: that in the I~rvou s),stem of
the invertebrated bilaterata th re is the sam morph logical diffl-
renee between the origin of th sensitive and the mot ric nerv .
tubes, as is found in vertebrat:l; viz. the sensitive ncr\' ·tube arise
from a junction of nervous fibrilla:', whilst the motoric ncr\' -tubes
spring directly from ganglion cells.
Arriverl at this conclusion, we will now consider the flue tion,
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how is an impression, probably, conweyed from a sensItive nerve-
tube, to a motoric one? As it is chiefly the invertebrated bilaterata
which have been treated of in this paper, we will also in the present
inqiury principally confine our remarks to the consideration of their
nervous system only.
As is above seen, the sensitive nerve-tube probably subdivides,
and is broken up into slender branches, after its entrance into the
dotted substance. it is, thus, not very probabJe, that an irritation of
such a nerve-tube should be conweyed to one ganglion cell only,
it would then be necessary that all the branches of a sensitive
nerve-tube should unite again to form the nervous process of a
ganglion cell (sensitive ganglion cell).
According to what is before stated of the combination of the
ganglion cells it will be obvious that: to be forwarded to a motoric
cell, the irritation would necessarily after its arrival in the sensitive
ganglion cell have to return through the same nervous process, to
pass over through some other branches of the process into the
nervous process of a motoric cell; arrived in the motoric cell it
had then to return through the same process and fll1ally pass into
the centrifugal nerve-tube, to produce the reflex movement. It
needs no further discussion to see that this would be a highly
artificial and complicated explanation of the course of an irritation,
from a centripetal to a centrifugal nerve-tube. For one thing, it is
not, in my opinion, admissible to assume that all the branches
arising from the subdivisions of a sensitive tube should re-unite to
constitute the nervous process of a sensitive ganglion cell; why
then does the subdivision of the nerve-tube exist, why does not the
n rve-tube pass undivided to the cell? For another tiling. I do not
think it admissible that the same irritation should pass and return
thr ugh the am nervous processes.
In my opinion, it is a much more probable assumption that
the it'ritatio1l does not at all pass through any ganglion cells, but that
aft r it arri al in the dott d sub tance, through subdivisions of
the c ntripetal nerve-tub , it is at once carried on, into one or se-veral
centrifugal ner've-i'ttbes by the slender side-branches or fibriUlZ joining
them. How th ombination betwe~n the branches of the c ntri-
p tal n I've-tubes and the side-branches of the centrifugal nerve-tubes
is produ d in the dotted substan e, can not at present be defined;
I can n t, however, ee any objection to the assumption that it
do ') cxi 1.
According to the above conclusion, we may thus illluratt: a
reflex-curve (i. e. the way an irritation of a centripetal nerve-tube
has to pass to arrive in a centrifugal nerve-tube and produ e a
reflex-movement) as in the diagrame fig. 113. the large arrows indi ate
the course of an irritation producing a reflex-movement. The
reflex-curve is, consequently, composed 01 the lo(.lowit,g constitr,ents:
I) centripetal (sensitive) nerve-tube j 2) the cent"al web 0" illferlacitlg
01 "enJOUS /ibrillte or tubes (fig. I 13, d); 3) the cent,.il"gal (motori )
nerve-tube.
This theory will necessarily give a n \V view of the fun tion
of the central element; but it will, I think, explain a great many
relations which have been rather difficult to understand. The dott d
substance (the interlacing of nervous fibrillce) must be a prin ipal seat
of the nervous activity, through this substance or interlacing is the r -
flex-actions etc. communicated to the consciousness, which even 1 s-
sibly has its seat in this substance itself (especially that of the brain).
According to this view there can of course, to 'ome ext >nt, b a
localisation in the central nerve-system but no isolation. Thi vi w will
also I think possibly be able to explain the fact that other parts of
the brain can take up the function of 10 t part. This i not, how-
ever, the place to enter into such physiological details, we have
especially taken up the histological side of the qu sti n anu in thi
respect we can state, as a fact, that a plaiting or interla ing (n t
reticulation) of nervous fibrill~ extends through the whole central
nervous system of all animals (which posses a central n 'rvou 'y-
stem) and that probably all peripheral nerve-tube, entering into or
issuing from the central nervous }stem, ar connected with thi
central fibrillar interlacing by branches. We will then ask the phy-
siologists if it is not probable that it is this interlacing of nervous
fibrill~ (or tubes) which especially produces the fe ling of unity in
the nervous system, in other words that it is the principal seat of
self-consciousness?
7. The function of the ganglion cells.
A great many physiologists will probably 01 jet, that if this is
correct, what functions have, then, the ganglion cells?
I have thought of this, and am fully aware that if the proposed
theory of the elements of the reflex-curve is approved, it will cause
the common theory of the function of the ganglion cells to toU r.
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The reflex-actions are, as is weB known, probably, the primary
state or the starting point of a great many, if not all, actions (volun-
tary or unvoluntary.)
And if reflex movements are produced without direct help of
the ganglion cells, then there are certainly a great many actions
which can be produced without any direct assistance from these cells.
In the same way as above, me may also assume that an
impression or irritation is conweyed from one part of the central
nervous system to another, e. g. from the ventral (or spinal) nerve-
cord to the brain, or vice versa, without any passage through
ganglion cells; an irritation producing a voluntary action may, thus,
b conweyed from the brain and into the centrifugal nerve-tubes,
passing to th active limb, without passing any ganglion cells on the
way, or without any direct action of the ganglion cells of the ven-
tral (or spinal) nerve-cord, or of the motoric centre of the limb.
It is not in our present state of knowledge possible to predict the
extent of the influence this theory, if approved, will have an our
ideas about the function of the nervous system. I will, therefore,
by no means attempt to trace it here. but will subsepuently return
to the ganglion cells, and examine what functions there may be
left for them, for certainly we ca )not one moment doubt that they
ar of great importance to the nervous system.
A function which I suppose they ha,'e, and which certainly is
a very impol-tant one, is to serve as nutritive centres of this nerve-
tul es and ftbrilla: originating in them, We have, before, seen, that
th protoplasmic processes have probably a nutritive function and
absorb nutrition, for the cell, in the periphery of the ganglia (or nerve-
cot'ds) or near the walls of the blood-vessels; now, I think it is probable
that this nutrition is not meant to be for the cell only, but that it is
assimibt d by the protoplasm of the cell (the ~ucleus has probably
an important function in this respect) and is, in a suitable form,
carried on into the primitive tul e' of the nervous processes; in
oth'r wor 1 , the ganglion cells are the nutriti"e c ntres of the ner-
vous process s, and then probably aloof the branches and nerve-
tu I es arising frol11 these proce ses_ I) We know of what great impor-
tance nutrition is for the nervous system; it is "ery peculiar, in
11 Those gnnglion cells, from which the motoric nerve-tubes directly issue.
are the nutrili vc centrcs of these tubes; whilst those ganglion cell., the nervous
process 'f which are entirely broken up into slender branches, are the nutritive
centres of these branches (which contribute to the formation of the dotted substance).
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this respect, and it is well known that a few moments want of nutrition
for the brain is enough to disorder the nerve·system and produce
unconsciousness in man. The nutrition is certainly not a function of
too insufficient importance to explain the extension the ganglion
cells have in the central nervous system.
That the ganglion cells of the spifJal l,·anglia. have a
nutritive function is in my opinion \ ere probable. A the nerve-
tubes of the dorsal (posterior) nerve-root have got no S\ cia! nu-
tritive centres in the central nerve-system (a they do not originat
directly from cells) they have got them in special ganglia outside
the central nerve-system. In Myxine the spinal nerve·cells ar uni-
polar or bipolar. The processes of the 1mipola,- cells subdivide di-
chotomically in a T and se.,d one branch peripherically and ne
centrally (cr. FREUD' investigation 1. c. 1878). In my opinion the
cell is the nutritive centre of both these branche , but i of no di-
rect importance for their sensitive function; the irritation of the p ri-
pheral branch can not pass through the cell (as it th n must pass
and return through the same process) but passes directly into the
centripetal branch at the subdivision in T of the proc s. In the
bipolar cells the irritation of the peri ph ral part of the nerve-tub
must certainly pa<;s through the cell to come into the centripetal part;
in so far it is no objection that the hipolar cell may be of direct
importance for the sesitive function of the nern>tubes. But the fact
only that in the same ganglion, .mipolar cells are pres nt and are
united with quite similar nerve-tubes must be enough to make uS
doubtful in this re pect. If the unipolar cells have a nutritive func-
tion only, it must be probable that the bipolar cells have the same
function; indeed, seeing that in higher verterbrata the spinal ganglia
consist exclusively of unipolar cells (notwithstanding the ::;\ nder
protoplasmic processes described by FRITSCH (1. c. (886) whi h
processes I suppo e to be nutritive processe, cf. above p. 146,
note 1), I think that this must be quite certain. There are also ap-
pearances in the structure of the bipolar cells, which. as we have
before seen, indicates that the contents of the processes to som
extent pass through th protoplasm of the cells without int nnixing
with it (compare the description of the protoplasm of thes lis
p. 163).
We arrive thus at the conclusion that all the nerve-cells of tlte
spinal ganglia have a ntttritive function Oftly. They are probal}' of
a similar importance for the sen itive (centripetal) nerv ·tubes as the
:tmotoric« ganglion cells (i. e. the cell from which the motoric
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nerve-tubes spring) are for the motoric (centrifugal) nerve-tubes, the
difference is that the former are situated outside the central nervous
system and have got a simple shape without many prosesses, pro-
bably because they can easily get their nutrition without special
organs; whilst the latter are situated in the central nervous system
and need generally many and long processes to reach the blood-
vessels or the periphery of the nervous organs and there obtain
sufficient nutrition for the cell and its nervou,; process.
From the recent works by my much estimated friend ADOLF
D. 6~ODI (1. c. 1884, 1885, 1886) (ef. also the previous papers by
MARSHALL, 1. c. 1877; BALFOUR, I. c. 1876 & 1877; HENSEN, I. c.
1876; SCHENK, I. c. 1876) we have learnt that the spinal ganglia
spring from the spinal cord. Weare thus entitled to say there is
no principal difference between the ganglion cells of the nervous
system and those of the spinal ganglia, they have the same origin
and the same function but they have got a different situation and
diner therefore also in shape, some are unipolar whilst other are bi-
polar, and even multipolar, which, however, does not make any diffe-
rence in their function.
I have not yet had opportunity to examine in ill\'crtebrates how
the relati ns are as to the nutritive centres of th se nerve-tubes
which spri ng from the dotted substance by a union of slender tubes.
vVhether the ganglion cells which I have found in the periphcral
nerves of various animals (cf. my paper on Mysostoma 1885 p. 31
& 74 and this paper p. 141 & £43, note 2) are of importance in
this respect I can not decide at present, it is, at all events, not
impossible. In the peripheral nerves of Patella I have, as mentioned
p. 141 found ganglion cells which had even protopla..'mic processes
( f. fig. 20, gc).
Wheth r the ganglion cells of the central nerve-system have
any functions besides being nutritive centr~ is. of course, extremely
difficult to decide.
It is not imposisble that they may be the seat of mem01·Y.
A small pal·t of each irritation producing a reflex action, may on
its way through the dotted substance be absorbed by some branches
of the Ilcryous processes of the ganglion cells, and can possibly in
ne way r another be stored up in the latter. Howsoever that
may bc, and whatever the function of the ganglion cells is, this
new theory of the combination between the centripetal and the
centrifugal n rve-tubes gives. if approved, a quite new view of
the importance of the dotted substance (or the interlacing of nerv-
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OUs fibrillce of the vertebrates) and will, in my OpiniOn, explain
many facts as to its occurrence. If the theor) is correct. th n, the
dotted substance must be a principal seat of the nervous acth ity,
and - the higher an animal is mentally developed - the more
complicated and extensive must we expect to find its dotted ub·
stance; this is in the fullest harmony \vith the facts already known.
We need only refer the reader to the ant, or the bee, to compare
the extremely complicated and highly de\ eloped dotted substance
of these small inteligent animals, with the dotted substancs of I
developed insects, or to compare the dotted substanc of th in cts
or crustacea with that of annelides, etc. etc. I am ~ure that my
readers will very soon arrive at the conclusion, that the mor com-
plicated the structure of dotted substance is - th more highly i
the animal mentally developed; in other words, w may con lude
that the more the inteligence of an animal is developed - the m01'e
intricate becomes the web or plaiting of nerve-tubes and fibdllce i1~
its dotted substance; the protoplasmic processes etc. of th ganglion
cells are of no great importance in this respect. In thi mann r we
can explain how it is, that unipolar cells occur in the nervou
system of animals (e. g. insect's and crustacea) which are mentally
even highly developed; these animals have an extr mely intricate
web of nerve-tubes in their dotted substance, and this web is pro·
bably the principal seat of inteJige\lce.
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Em i I R 0 h d e. Histologische Untersuchungen tiber das Nervensystem der
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L. Ed i n g e r. Vergleichend-entwicklungsgeschichtliche Studien im Bereich
der Gehirn·Anatomie. Anatom. Anzeiger. B,l. n. No.6, p. 145-
143. (Man 1887.)
H. Vi 111111 n e s. Etudes hist. etc. Quatrieme memoire. Le cen'ellu de la
Guepe (Vespa crabro et V. vulgaris). Ann. sci. nat. Ser. 7. T. 2.
A If red . and e r s. Contributions to the anatomy of the ceDtral nervous
system in vertebrlltc llnimals (plagiostomata). Phil. trans. Royal.
Soc. London. Vol. 177. Part 1I, p. 733-766. (Read. Jan. 1886.)
A. A. W. Hub r e c h \. RepNt on the Nemertea collected by H. M. S.
Chllilenger during the years 1873-76. Zoo\. Chilli. Exp. Parl. LlV.
1886 vol. XIX. erv.syst. p. 73-90.
~ . B c c h t ere w. Le cerveau de I'homme dans ses rnpports et connexions
inlimes. Arch. slaves de hiologic. T. III, Fasc. 3, p. 293-321
(Mni); T. IV, Fa ·C. I, p. 1-30 Guillet).
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1887. Will y K ti ken t h a I. Ueber das erv~nsystemder Opheliaceen. Jenaische
Zeits. f. Naturwiss. Bd. XX, p. 511-580.
M i c h a e 1 v. Len h 0 sse k. Beobachtungen am Gehim des ?>'Ienschen.
Anat. Anzeiger. Bd. n. No. 14, p. 450-461. Juni.
A. K 0 ell ike r. Die Untersuchungen \'on Goigi tiber den feineren Bau des
zentralen Nervensystems. Anal. Anzeiger. Bd. 11. N\). 15. p. 480
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C h a r Ie 5 ] u 1i n. Le syst~me nerveux grand sympnthique de l'Ammocoetes
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Rom e 0 F usa r i. Untersuchungen liber die feinere Anatomie des ehimes
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-300.')
1) Last winter I wrote a paper: Uber das Nervensystem der 1\1yzo tomen.
which was going to be published in Jenaische Zeitschr. f. Nntunviss. but which is
not yet appeared as far as I know. As that paper was written before the investigations,
above described, had been finished, there are some remnrk on the nervous s)'stem
of various animals which do not quite agree with the results we have here obtained.
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Explanation of the plates.
Plate I.
The illustrations are drawn under the camera lucida, from the
microscope directly upon the stone. The preparations (exept fig. 5 & 6)
were' fixed i chromo-aceto-osmic acid and stained with hcematoxylin.
Fig. 1. Homarus vulgaris. (Magnified 60 diameters; Zeiss AA, 2.)
Transverse sections of an oesophageal commissure. a Ex-
ternal sheath. b Layer of connective tissue inside the
ext. sheath. c Inner layer or sheath of connective-tissue
closely applied to the contents of nerve-tubes (compare
fig. 5, a). t, t', tl Large nerve-tubes with more or less
concentrated axes. t" Large nerve-tubes with no CLxis.
nt Central bundl of largish nerve-tubes. s nt Masses of
small nerve-tubes, more peripherically situated.
~ 2. Homarus vulgaris. (Magnified 950 diameters; Zeiss. Hom.
im. 1/18' l.) A part of fig. I, representing some smallish
nerve-tubes of various' sizes, more highly magnified. The
transsected primitive tubes, of which the contents of the
nerve-tubes are composed, are distinctly visible as round
meshes. t, t Largi h nerve-tubes in which a concentration to-
wards an axis is visilJle. t', t' Small nen e-tubes; in one ofthem
a slight concentration towards an axis is visible. f' Small
nerve-tube in which no concentration towards an axis is
visible. a Vacuoles. b Neuroglia-substance. c The sheath
of a large nerve-tube which is illustrated in fig. I, tl •
d \ acuoles in some nerve· tubes, probably artificially pro-
duced. k ~ uroglia-nuclei.
» 3· Homarus vulgaris. (Magnified 950 diameters; Zeiss. Hom.
im. l'lS' 1.) Transverse section of a large nerve-tube
with axi (it is the same tube which is illustrated in
fig. I, 1'). a Teuroglia-sheath. b Sheath of another large
nerve-tube.
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Fig. 4. Homarus vulgaris (Magnified 950 diameters; Zeiss. Hom.
im. lIn. I). Longitudinal section of the same n rve-tube
as is illustrated in fig. 3 (of the same piece of an oeso-
phageal commissure was first taken transverse sections.
and subsequently longitudinal sections. a, a' Deeply staining
axis. b Ex-ternel layers of primitive tub s 'hich are
samewhat obliquely trans ected. c & d roglia-sheath of
the nerve-tube, which on one side (c) is consid rably
thicker than on the other. k euroglia-nucleu situat d
inside the sheath.
» 5. Nephrops norvegicus. (Magnified 950 diameters; Z i
Hom. im. 1/18 , I.) Tran erse section of nerve-tub s,
from an oesophageal commissure. a Inn I' lay r of the
connective-tissue surrounding the bundl of n rve-tube
of the commissure (compare fig. I. c). b Outer lay I' of
the same connective-tissue (compare fig. I, b). t, t Tran '
sected nerve-tubes; in the right one i a very slight
concentration towards a deeply staining axi vi ible.
t', f'. tm erve-tubes with vacuoles. which po sibly, to
some extent. are tran sected tube. tt rv -tube con-
taining solely large meshes, which po sibly ar transse t d
tubes. c Vacuoles. k, k., k', k", k'" N urogla·nu I i and
nuclei of the connective-tissue. k' 1 moglia-nucleus ituat d
inside the sheath of a nerve-tube. The pI' paration wa
fixed in Lang's flltid (corrossive sublimat 12 %) and stain d
with hcemotoxylin.
» 6. Nephrops norvegicus. (Magnified 1700 diam tel' ; Z i
Hom. im. 1/18 , 3.) Part of th contents of a nerve-tub
highly magnified to show the walls of th primitive tubes.
a Thickenings in these walls along the concreting edg
of the tubes. From th sam preparation as fig. S.
» 7. Homa1-US vul,qaris. (Magnified 190 diameters; Z is, 2).
Transverse section of a small periphc1'al nerve containing
large and small nerve-tubes. t Large nerve-tub s; th ~ir
sheaths are very thick and consist of s veral lay rs.
n t Small nerve-tube. s Septa, dividing th small n I've-
tubes into bundles. k Neuroglia- and connective-tissue-
nuclei.
» 8. Homants vulgaris. (Magnified I ISO diamet rs; Zeiss.
Hom. im. 1/18 , 2.) Transsected nerve-tub from a peri-
pheral nerve. nt mall nerve-tubes containing some few
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primitive tubes only. p,p Thickenings along the concret-
ing edges of the sheaths of the small nerve-tubes. t Large
nerve-tubes outside the scheath of which a neuroglia-
nucleus is situated.
Fig. 9. Nereis virens. (Magnified 950 diameters; Zeiss 1/IS' I.)
Longitudinal section of a large nerve-tube (b) and some
small nerve-tubes (nt) from the ventral nerve-cord. a Sheath
of the large nerve·tube (b). The spongioplasmic walls
of the primitive tubes ot the nerve-tubes are distinctly
seen longitudinal transsected.
... 10. Nereis virens. (Magnified 950 diameters; Zeiss '/IS' I.)
Transverse sections of some large nerve-tubes runmng
centrally along the ventral nerve-cord (compare fig. 14).
a Central fibrous septum dividing the nerve-cord longi-
tudinally into two lateral cords (cf. fig. 14). b & b' Trans-
verse bundles of neuroglia-fibres; subdividing into branches
(c, c). t, t Large central nerve-tubes. t., ~ '-3 Somewhat
smaller nerve-tubes, more ventrally situated. nt Small
nerve-tubes. nt' Small nerve-tubes situated between the
large central nerve-tubes (t) and the central septum (and
the transverse bundles of fibres [b)). k Neuroglia-nucleus
situated in the ventral, reticular part (B) of the central
septum (a).
» 1 J. Lumbricus agricola (Magnified 500 diameters; Seibert
'/s' Zeiss 2.) Transverse section of the three colossal
nerve-tubes (tl' t, t) and a part of the dotted sub-
stance (c). a Connective-tissue outside the perineu-
rium. b Perineurium (Vignal's gaine troisieme), outside
which the layer of muscles (m, m) is situated. d Neu-
roglia extending inside the perineurium, between the three
colos~al nerve-tubes. s, s, s Septa or very thick fibres
occurring in this neuroglia and connected with the peri-
ncurium. c Dotted substance, exhibiting a reticulation
prodllccd by a transscction of tubes. nt Transsected
n'rve-tubes. k r euroglia-nuclci.
Plate II.
Fig. 12. Homa'l'tt vulgll1·i~. (Magnified 330 diameters; Zeiss. Apochr.
4.0, - 0.45.1. Call1.1uc.) Large nerve-tubes from an oeso-
phageal cOlllmissure, seen in the live state in the commissure.
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A & B Large nerve-tubes with striated axe (c, tI). a, a u-
roglia layers between the nerve-tubes. b mall nerv -
tube with a visible longitudinal striation. e, e Small nerve-
tubt's without visible striation.
Fig. 13. Homar-u.s wlgaris. (Magnified 950 diameters; Zeiss. Hom.
im. 1/18 , I. Cam. luc.) Large nerve-tubes (fl, a) from a
peripheral, abdominal nerve, and seen in the nerve in the
live state; no striation is vi ible. b heaths of the nerve-
tubes. c, c, e' Apparent septa, optic illu ions produced
by a slight bending of the nerve-tub s and their sheaths.
k euroglia-nucleus situated insid the sheath of the
one nerve-tube.
:t 14. N~reis virens. (Magnified 190 diameters; Zei s. CC, 2.
Cam. luc. direct upon the stone.) Tran verse s ction of·
the ventral nerve-cord. cu External cuticulum. ep Thick
ectodermal epithelium, outside the ventral nerve-cord.
k uclei of the high cylindrical cell' of this ec:toderm.
epi The common ectoderm of th body. k: The nuclei
of thjs ectoderm. n, sl. :tConnectiv ern uroglia Ii ue
surrounding and enveloping the ventral nerv -cord. k' k"
Nuclei of thi ti sue. k. imilar nu lei, situated more
ventrally, towards the ectodermal epithelium, from the
nuclei of which they are not easily distinguished.
ge & ge' Ganglion cell. nI, m M mbran parating the
ectoderm and the ventral nerve-cord from the inner lay rs
of the body. (From a preparation fIX d in Flemming's
chromo-aceto-osmic acid and staille I with Delafi Id's
hcematoxylin.)
:t 15. Homarus vulgaris. (Magnified 620 diameters; Zeiss F, I.
Cam. luc.) Isolated, largish nerve-tube from an oe 0-
phageal commissur , macerat d in acetic acid (I), glyce-
rin (I) and aqua dest. (5).
:t 16. fJomarus vulg'Zris. (Magnified 620 diameters; Zeiss F, I.
Cam. luc.) Isolated smallish nerve-tubes from an 0 so-
phabeal commissure, macerated in the arne way as in
fig. 15.
:t 17. Patella vulgata. (Magnified 620 diameters; Zeiss F, I.
Cam. luc. direct in the stone.) Nerv -tub s from a pedal
nerve-cord and a peripheral nerve, macerated as ab v .
:t 18. Patella 1'ulgata. (Magnified 620 diameter; Zeiss F, I.
Cam. luc.) erve-tubes macerated as above, stajn d with
vicra-carmine.
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Fig. 19. Patella vulgata. (Magnified 620 diameters; Zeiss F, I.
Cam. luc.· direct upon the stone.) Transverse section of
a nerve, from which two smaller nerves (a and b) later-
ally issue. v Vental side of the nerve. a & b Trans-
versally transsected nerve-tubes of the small lateral nerves.
a' & b' Longitudinally transsected nerve-tubes of the same
nerves. c & a Large nerve-tubes, transversally transsected
s, s Septa dividing the nerve into bundles of nerve-tubes.
s', s' Septa separating the nerve-tubes of the two small
lateral nerves from the rest of the large nerve. f Neu-
roglia-ceil with nucleus situated inside the neurilem-sheath
k Neuroglia-nuclei. (From a preparation treated with
osmic acid (I Ufo) for 48 hours, stained with Delafield's
h<ematoxylin and decoloured in water to wich some drops
of acetic acid had been added; the section was taken directly
with a razor without imbedding.)
19 A. A part of the section, illustration in fig. 19, highly mag-
nified to show the structure of the walls between the
nerve-tubes.
~ 20. Patella vulgata. (Magnified 750 diameters; Zei5s F, 2.
Cam. luc. direct upon the stone.) Longitudinal section
of a peripheral nerve near its origin in the pedal nerve-
cord. gc A ganglion cell sending a protoplasmic process (p)
towards the neurilem-sheath (sh); the nervous process
which runs longitudinally was not distinctly visible in
tllis section. k, k', k" Circular and oblong, deeply
staining neuroglia-nuclei. n, nn, nn', nn", nn'" Ovoid, less
taining and, generally, larger neuroglia-nuclei. (The pre-
paration was fixed in chromo-aceta-osmic acid and stained
with Delafield's h<ematoxylin.)
21. Phallusia obliqt~a. (Magnified 350 diameters; Zeiss CC, 4·
am. luc. direct upon th stone.) Transverse section of
a peripheral nerve. sll External neurilem-sheath. (From
a preparation fix d and hardened in Muller's fluid, stained
with acid fuch in dissolv d in turpentine with a little
abs. alcohol a Idecl.)
It 22. Phalltlsia obliqna. (Magnified 750 diameters; Zeiss F, 2.
Cam. luc.; drawn directly upon the stone.) Longitudinal
section of a part of a peripheral nerve. a & b Septa
(longitudinall) transsected) between bundles of nerve-tubes.
neuroglia-nucleus situated in one septum (a). ts Sheaths
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of the nerve-tubes. The spongioplasmic walls of the pri-
mitive tubes are distinctly seen in the nerve-tubes. (From
a preparation treated as above.)
Plate III.
The illustrations of this plate are drawn under the camera
lucida, from the microscope directly upon the stone (except fig. 23).
The preparations (exept fig. 23) are fixed in chromo-aceto-o mi acid,
. tained according to Heidenhain's hcematoxylin method (except fig, '24)
and some of them afterwards with Delafield's hcematoxylin. All the
illustrations are taken from ganglion cells of
Homarus 'L'l'lga1'is.
Fig. 23. (Magnified 620 diameters; Zeiss F, I. Camera lucida.)
A & B Ganglion cells (from a ventral ganglion) isolated
in acetic acid (I), glycerin (I). and aqua dest. (5), and
stained with picro-carmine. a Space surrounding the
central bundle of primitive tubes (b) of the process, and
in which no structure is visible. n. n Neuroglia nuclei
situated outside the sheath of the c II and th proc s.
» 24. (Magnified 620 diameters; Zei s F, I.) Part of a ection
through two ganglion cells (A & B) and the n uroglia (nu)
situated between them. A & B Parts of th pr topla m
of the two ganglion cells, in which a spongiopla mic re-
ticulation is distinctly visible. cm, cm euroglia- heaths
of the cell. a Transsected. spongioplasmic fibre p n -
trating, from the sheaths into the protoplasm of the
ganglion cells. b Such a fibre seen in connection with
the sheath. sp Similar fibre subdividing and forming a
reticulation. ntt euroglia. n Neuroglia-nuclei.
» 2;. (Magnified 350 diameters; Zeiss CC, 4.) ection through
a large ganglion cell (of an abdominal ganglion) and the
root of its process; the lightly staining contents of which
partly originates from bundles of primitive tubes. s,; Fi-
bres penetrating from the neuoglia-sheath into th proto-
plasm of the cell. a Similar fibr s transsect d.
}) 26. (Magnified 750 diameters; Zeiss F, 2.) Section through a
ganglion cell and a part of its prosess, the contents of
which arises equally from the whole protoplasm of the
cell by a convergence af primitive tubes. nu Neuroglia,
em Sheath of a ganglion cell.
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Fig. 27. (Magnified 620 diameters; Zeiss F, i.) Section through
a large ganglion cell al1d the root of its process; the
lightly staining eontets (a) of which arises from a union
of bundles of primitive tubes. b Transsected spongio-
plasmic fibres, with which the spongioplasmic walls separat-
ing the primitive tubes, unite. em Sheath of a ganglion cell.
:. 28 & 29. (Magnified 620 diameter; Zeiss F. 1.) Parts of suc-
cessive sections through the same ganglion cell, selected
from a series of sections to show how the lightly stain-
ing contents (p, p) of the process penetrates into the
protoplasm of the cels surrounded for some distance by
deeply staining fibres (s, s'). b Such fibres transsected.
a & tI' Similar fibres penetrating into the protoplam of
the cell. em Sheath of the cell. v, v Transsected bundles
or small masses of primitive tubes. nv Cavities in the
sheath of the cell into which cavities the protoplasm of
the cell partly extends.
Plate IV.
The illustrations are drawn under camera lucida from the mi-
croscope directly upon the stone. The preparations (exept fig. 41)
are fixed and stained in the same way as in Plate III. All the
illustrations are taken from ventral ganglia of
Homarus vulgaris.
Fig. 30-33. (Magnified 350 diameter; Zeiss CC, 4.) Successive
sections through the process of a ganglion cell, selected
from a series of transverse sections through an abdominal
ganglion. In fig. 30 the process is seen quitting the cell
in fig. 33 it is divided into two branches (a & b). p, c Con-
t nt of the process; near the cell (fig. 30) this contents
i lightly stained, in a grellter distance from the cell (fig. 31)
it b comes more deeply stained until it, at a certain distance
(fig. 32), b com s quite dark. pr Protoplasm of the ganglion
cell. sf Spongioplasmic fibres, penetrating into the proto-
plasm of th c 11 and (sf') into the contents of the pro-
c Sf" Similar spongioplasmic fibr s occurring in the
external layers of the contents of the process. em 'eu-
roglia-sheath of thP: ganglion cell. is Inner neuroglia-sheath
enveloping the process. n1ll Concentric layers of neu-
roglia surrounding the process.
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Fig. 34· (Magnified 350 diameters; Zeiss CC, 4). Transverse ec-
tion through the process of a ganglion cdl. exhibiting
the concentric layers of neuroglia (n1n) surrounding the
contents of the process (pc). br ·Transsected side-branch,
issuing from th process the process.
» 35 & 36 . (Magnified 620 diameters; Zeiss F, I.) Two tran .
verse sections through the same proces of a ganalion
cell; selected from a sen s of sections. pc ont('nts of
the process, in which the transsected primiti\ tub s are
distinctly seen. sf Transsccted spongiopla mic fibr s
ocurring in the external layers of the cont nts. br, br' Trans·
sected branches issuing from the process. nm Cor 'entric
layers of neuroglia. n Neuroglia-nucleus. b &- e Similar
nuclei deeply stained.
» 37· (Magnified 350 diameters; Zeiss CC, 4.) S ction through
a ganglion cell. a External, lightly stain d, layer of the
protoplasm. b Mesial deeply stained part of the proto-
plasm. sf Spongiopla mic fibres. sf' & s{" imilar pon-
giopJasmic fibres surounding the lightly stained cont nts of
the process, in the prototopla m of the cell. b'r, by Blanches
of the proces .
» 38. (Magnified 620 diameters; Zeiss F, I.) ction through
three ganglion cells (A, B, C) from an abdominal g::lI1glion.
v, v' Transsectecl masses of primitive tubes, siluat d p ri-
pherically in the protoplasm of the cell. v" 'imilar
masses situated on the sides of the bundle of primitiv
tubes forming the contents of th proc s '. sf .'pongio-
plasmic fibres surrounding this bundle of primitive tul s.
8 Septa or fibres, partly separating th masse of primi-
tive tubes. 8' Small septa and fibres p n trating th se
masses. n euroglia·uncleus. a, a Lightly st;,inecl parts
of protoplasm situated round the bundle f primitive
tubes forming the contents of the process. b External
lightly staining layer of the protoplasm. p PI' cess of
the ganglion c II (C). em 'heath of a ganglion cell.
» 39. (Magnified 620 diameters; Zeiss F, 1.) Lateral se tion
through the same cell as is illustrat d in fig..~H, A. In
this section lightly staining masse's of primitive tul 'S are
almost solely transsected. a De ply staining protoplasm.
b Place where the section has passed just on the bor IeI'
between the deeply staining protoplasm and the lightly
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staining mass of primitive tubes. ss Spongioplasmic septa
and fibres occurring in the lightly staining mass. ss' Si-
milar septum with a little deeply staining protoplasm.
v, v' Small lightly staining masses. em Sheath of the cell.
nm Neuroglia.
Fig. 40. (Magnified 350 diameters; Zeiss CC, 4.) Section through
a group of smallish ganglion cells in a thoracal ganglion.
a Transsected processes issuing from the cells. n sli Peri-
neurium enveloping, the ganglion. nm Neuroglia occur-
ring inside the perineurium.
~ 4 I. (Magnified 750 diameters; Zeiss F, 2.) Section of the
nucleus of a ganglion cell stained with borax-carmine.
The nucleus has two nucleoli (a & b). e Thickenings in
the chromatine-structure. n Membrane of the nucleus.
~ 42. (Magnified 750 diameters; Zeiss F, 2.) Sections of nuclei
of ganglion cells.
Plate V.
All the illustrations of this plate are drawn under the camera
lucida and from the microscope directly upon the stone. They are
all taken from preparations fixed in chromo-aceto-osmic acid, and
stained with Delafield's hrematoxylin (and partly also with eosin or
picric acid in turpentine).
Fig. 43. N creis vir·ens. (Magnified 1150 diameters; Zeiss. Hom. im.
1/1S ' 2.) Ganglion cells, from a transverse section of the
ventral nerve-cord. J-5 ganglion cells in three of which
processes (pr") are transsected. 2 Part of a ganglion cell.
a Transsectecl nerve-tubes of the dotted substance. b Lightly
stained part of the protoplasm of the celli. em, em Sheaths
of the ganglion cells. nu Neuroglia. n m Neuroglia-
septum penetrating between the ganglion cells, and some-
times dividing them into groups. 19 Large dark granules
in the protoplasm.
44 & 45· Nereis vjrClls. (Magnified I ISO diameters; Zeiss.
Hom. im. 1/. Po' 2.) Ganglion ells, from horizontal sec-
tion of the ventr",1 nerve-cord. a Mesial, deeply stain-
ing part of the protoplasm. b Peripheral, lightly staining
layers of the protoplasm. sf Spongioplasmic fibres, pe-
n trating into the protoplasm. em, em' euroglia-sheaths
enveloping the ganglion cells. nu I euroglia. nm Thick
neuroglia·septum.
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Fig. 46 & 47. Lumbricus agricola. (Magnified 2070 diameters;
Zeiss. Hom. im. 1/1S ' 4.) Sections of ganglion cells of the
ventral nerve-cord. a Lightly staining part of the proto-
plasm. n pr ervous processes.. br, b,·' Side-bra.nches.
given off from the nervous process. p p,. Protopla mic
processes. em euroglia-sheath of th ganglion ell.
nu Neuroglia. nur Teuroglia retuculatation. n Nour glia-
nucleus.
~ 48. Patella vulgata. (Magnified 2070 diameters; Z iss. Hom.
im. 1/1S ' 4.) Section of a ganglion cell of the pedal n I' -
cord. np,- ervous process. nu1' euroglia-reticulation.
~ 49 & 50. Patella 'VUlgafa. (Magnified 1150 diameter ; Z i
Hom. im. llu, 2.) Sections of ganglion c lis; taken from
transverse sections of the pedal nerve-cord. n1'1' rvou
processes. npr' Roots of nervous proc se. b,' Branch s
given off from the nervous proce . ppt· Protopla mic
process terminating under the perineurium. pe P rineu-
rium. n, n' euroglia-nucl i. n" Nucleus ituated out ide
the perineurium and belonging to it. nUt· euroglia-
reticulation.
Plate VI.
All the illustrations of this plate are drawn from the micro cope
directly upon the stone under the camera lucida.
Fig. 51-54· Patella vulgata. (Magnified 1350 diameters; Zei s
F, 4.) Isolated ganglion cell of th pedal nerve- ord.
npr Nervous process. g,' Yellow granules (containing
hcemoglobin?) occurring in th protoplasm of the cells.
gr' Simular granules exuded from th cells. a (fig. 52).
Large granule of yellow substance, being formed on a
place wher such substanc is exuded from th lI.
b Side-branches, given off from the nervous proc sses.
pp1' Protoplasmic process. a (fig. 54) Short process or
prolongation of the nucleus of the ganglion c 11. (rhe
cells were isolated in acet. ac. (I), glycerin (I), aqua
dest. (5) or in weak solution of alcohol and stained with
ammonia-carmine).
~ 55-57· Plwllusia venosa. (Magnifi d 1350 diarnet rs; Zeiss
F, 4) Isolated ganglion cells from the brain. Fig. 55 &
56 Peripheral cells. Fig. 57 Tripolar ce!l situated in th
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dotted substance. npr ervous process. a, a', b Side-
branches given of from the nervous processes. ppr Pro-
toplasmic processes. (The cells were isolated in weak
solution of alcohol or in potassium.bichromate (0.003 Ufo)).
Fig. 58. Corella parallelogramma. (Magnified 1350 diameters; Zeiss
F. 4.) Section of a ganglion cell situated peripherically
in the brain. n pr Nervous process. a Lightly staining
parts of the protoplasm. (Fixed in osmic acid (I Ufo)
and stained with picro-carmine.)
:t 59. Homartls vulgaris. (Magnified 350 diameters; Zeiss ee, 4·)
Isolated ganglion cell of a v ntral ganglion. It & b Lightly
staining masses of primitive tubes. c Bundle of primitive
tubes forming the contents of the nervous process (npr).
br Side-branches given off from the process. (Macerated
in acetic acid (I), glycerin (I), aqua dest. (5) and stained
with ammonia-carm:ne.)
» 60. Homarus vulgaris. (Magnified 750 diameters; Zeiss F, 2.)
Isolated ganglion cell from a ventral ganglion. n eura-
glia-nucleus situated in the sheath of the cell. npr ervous
proceses. (Macerated in acetic acid (I), glycerin (I), aqua
dest. (5) and stained with picro-carmine.)
» 61. Romarus vulgaris. (Magnified 1350 diameters; Zeiss F, 4.)
Part of a section through the dotted su b,;tance of a
thoracal ganglion, exhibiting the origin of a uundle (a) of
nerve-tubes or rather primitive tubes in the dotted sub-
stance. a Bundle of primitive tubes, longitudinally trans-
sected. b Longitudinally tran sected primitive tube. cOb.
liquely transsected primitive tube. tpt Tran versally trans-
sccted primitive tubes. neuroglia-nucleus. (Fixed in
hromo-aceto-o mic acid, stained with neutral borax-
armine.)
:t 62. HOlllCl1'ltS vulgaris. (MagnifIed 620 diameters; Zeiss F, I.)
Part of a section through the dotted substance of an ab-
dominal ganglion, exhibiting the mixture of large and
small tubes in th dotted substance ds The real dotted
ub tan e can i ting of very small tubes, which are trans-
v rsally, or obliquely, or partly longitudinally transsected.
tnt, tnt' Transv rsally transsected large nerve-tubes. a & b
Bundle of nerve-tubes longit~ldinallytranssected. nt Large
n I've-tube. nt' Large' nerve-tubes, subdividing dichotom-




The illustrations of this plate are drawn from the microscope
directly upon the stone, under the camera lucida.
Fig. 63 & 64. Bomartl.S fmlgaris. ('1agni{jed 350 diam ters; Zeiss
CC, 4.) Parts of a trans erse (rig. 63) and a longitudinal
(fig. 64) section through ventral ganglia. a-g ervous
processes from ganglion cells or branches springin from
such processes. h ubdividing part of a n rv -tube.
i Varicose nervous fibril. vI Vari 0 n r ous fibril.
1-12 Parts of longitudinal nerve-tube b longing to the
longitudinal commissures. sf, sf' 1 nder. ner -tub s
partly given off from thes longitudinal large nerve-tub s.
(From chromo- ilver stained preparations.)
~ 65. Bomarus vulgaris. (Magnified I 150 diam ter'; Zeiss.
Hom. im. 1/18 , I.) Part of a transverse section through
the dotted substance of an abdiminal ganglion. a-f Ncrv -
tubes, some of which are seen to subdivide. (Fixed in
chromo-aceto-o mic acid; stained in accordan \ ith Hei-
denhain's ha::matoxylin method.)
;0 66. Nereis virtms. (Magnified 950 diameters; Zei' . H m. im.
1/18 , I.) Part of a horizontal, longit. section thr ugh the
dotted substance of the ventral nerve-cord. (£ Th n~ral
v rtical s ptum, dividing th nerv -cord I ngitu linally
(compare fig. 10, a & fig. 14). it, tt', it" Tran v r·. mall
and large, n rve-tub eros ing this s ptum. tt" Tran -
verse nerve-tubes pa ing to the root of a periph ral
nerve. pt Large nerve-tube pas ing to the root of the
ame nerv. l 'mall longitudinal nerve-rube. II Larg
longitudinal nerve-tub s. n, n' euroglia-nu lei, situat'd
longitudinally (n) or transversally (n') in the dotted su b-
stance. (Fixed in hromo-aceto·osmic a id, stained with
Delafield's h<J:>matoxyJin.)
Plate VIII.
Fig. 67. Nel'eis verens. (Magnifid 620 diam ters; Z iss J', J.
Cam. luc. from the microscoI e direct upon th ston '.)
Part of a horizontal, longitudinal, section through th
ventral part of the ventral nerve-cord. d, ds The dott 'd
substance on each side of the central mass of ganglion
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cells etc. a Neuroglia forming the central, vertical sep-
tum dividing the nerve-cord longitudinally (compare fig.
la, a & fig. 14). 19c Large ganglion cells with deeply
staining protoplasm, with spongioplasmic fibres issuing from
the sheaths of the cells, and with small lightly staining masses
of primitive tubes (?). np Nervous process. gc, gc' Large
ganglion cells with deeply staining protoplasm. sgc Small
ganglion cells with lightly staining protoplasm. sge' Gan-
glion cell of mesial size with a small mass of deeply
staining protoplasm. nf. nr Neuroglia-fibres and longitu-
dinally transsected tube-sheaths uni..ting with the sheaths
of the ganglion cells. (Fixed and stained as fig, 66.)
Fig. 68. Homarus vulgaris (Magnified 100 diameters.) Ganglion
cell from an abdominal ganglion; constructed from a series
of transverse sections, partly by help of the cam. luc.
(Fixed in chromo-aceto-osmic acid. stained in accordance
with Heidenhains hcemotoxylin method.
) 69· Homar-us vulgaris. (Magnified 132 diameters; Zeiss A A, 4.
Cam.luc.) Ganglioncell from a thoracal ganglion, observed
in a transverse section (chromo-silver staining); the proces
could be traced directly into a peripheral nerve.
) 70. Hornarus vulgaris (Magnified 350 diameters; Zeiss CC, 4·
Cam. luc.) Unipolar ganglion cell from a chromo-silver
stained section of a thoracal ganglion. The nervous pro-
cess subdivides and is broken up into slender branches.
The slender fibres issuing from the body of the cell are
neuroglia-fibres issuing from its sheath.
) 71· Lumbricus ag1'icola (Magnified 620 diameters; Zeiss F. I.
Cam. luc. from the microscope directly upon the stone.)
Lateral part of a transverse section of the ventral nerve-
cord. a-h Ganglion cells. e Ganglion cell containing
two nuclei. pe Perineurium. m Muscles. ct Septa and
fibres of comective tissue issuing from the perineurium.
nu Neuroglia. ds Dotted substance. nt, nf!, nt" Transsected
nerve-tubes of various sizes. Us, Us' Sheaths of two of
the three colossal nerve-tubes. 1'1,1'1' Neuroglia-nuclei.
(l'ixed in chromo-aceto-osmic acid, stained with Dela-
field's hcemotoxylin).
72 . Lumbt~icus agricola. (Magnified 750 diameters; Zeiss F, 2.
Cam. luc.) Ganglion cell from a transverse section of
the ventral nerve-cord.
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Fig. 73. Patella fJulgata. (Magnified 750 diameters; Zeiss F, 2.
Part of a transverse section through a pedal nen e-cord.
a-m, 0 Ganglion cells. neuroglia-nuclei. nn Similar
nuclei or cells from which fIbres issue. en Large ovoid
or circular neuroglia-nuclei, more lightly staining than the
smaller nuclei. en' Simiiar nuclei situated close to the
nervous processes of ganglion cells. ds Dotted sub tance.
p Perineurium, enveloping the pedal nerve-cord. nu Neu-
roglia-reticulation extending inside this perineurium. at Fi-
bres, neuroglia-fibres and protoplasmic proce ses, running
from the ganglion cells a & a' towards the p rin urium.
eet Cell'> adhering externally to the perineurium. (Fix d
in chromo-aceto-osmic acid, stained with Delafield' ha::-
motoxylin).
~ 74 Patella wlgata. (Magnified 1150 diamet rs; Z is. Hom.
im. 1/1S ' 2.) Part of a transverse section through a p dal
nerve-cord. a-i Ganglion cells. ds Dott I substanc .
nu Neuroglia reticulation. n Neuroglia-nucl i. n' u-
roglia-nuclei, adhering to the sheath of a ganglion c II.
(Preparation the same as fig. 73).
:t 75-78. Patella vulgata. (Magnified 750diamet rs; Zeiss F, 2.)
Ganglion cells with their processes. n Neuroglia nu I i.
(Fig. 75 and 76 are isolated in glycerin (I), ac tic acid (I),
aqua dest. (5); fig. 77 and 78 are taken from in section ).
:t 79-8 I . Patella vulgata. (Magnified 750 diameter ; Zeiss F, 2.)
Isolated neuroglia-cells.
P late IX.
The illustrations of this plate (exept fig. 83 -85) are drawn
under the camera lucida, from the microscope directly upon the
stone.
Fig. 82. Patella mLlgata. (Magnified 750 diameters; Zeiss F, 2.)
Ganglion cells and their processes from a transverse section
of a pedal nerve-cord. ge Ganglion cells. a Ganglion
ce;!, the nervous process of which can be trac d for some
distance through the dotted substance. n' N uroglia-
nucleus adhering to the sheath of this process. n Neu-
roglia-nuclei. ne Larger less staining neuroglia-nuclei.
(Fixed in chromo-ac to-osmic acid, stained with Delafield's
ha::motoxyline. The section was stained with picric acid
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dissolved in turpentine to which was added a little abs.
alcohol).
Fig. 83. Patella vulgata. . (Magnified 570 diameters). Part of a
transverse section through a pedal nerve-cord. gc Ganglion
cell. a Ganglion cell. n" Neuroglia nuclei adhering to
the sheath of this cell and its nervous pracess. n'" Three
similar nuclei situated close together. n Neuroglia-nuclei.
Quite similar nuclei (n) are also situated in the connective
tissue outside the perineurium (sh). n' Larger, circular
or ovoid, less staining nuclei situated in the same con-
nective-tissue. nc, nc' euroglia-cells. nc'" Large, ovoid
neuroglia-cell. nf erve-tubes or nervous processes. (Pre-
paration the same as in fig. 82).
~ 84. Lumbrictts agricola. (Magnified 950 diameters; Zeiss.
Hom. im '/18' I.) Ganglion cells (gc) the nervous pro-
cesses of which pass into the dotted substance (ds) and
run longitudinally along the ventral nerve-cord. Taken
from a horisontal longitudinal section of the ventral
nerve-cord.
:t 85. Patella vulgata. (Magnified JlSO diametars; Zeiss. Hom.
im. 1/18 , 2.) Slender nerve-tubes and nervous fibrillCE,
from a pedal nerve-cord, isolated in fresh state.
» 86. PuteUa vulgata. (Magnified 750 diameters; Zeiss F, 2.)
N I've-tubes and fibrillCE from a pedal nerve-cord, ma-
cerated in glycerin (I), acet. acid (I), aqua dest. (5).
a & b Thick nerve-tubes giving off side-branches. nc Neu-
roglia cells.
~ 87. CQrella parallelog1·amma. (Magnified I I SO diameters;
Z iss. Hom. im. 1/18 , 2.) Part of a longitudinal section
through the brain. a-g Ganglion cells. n Neuroglia-
nu lei. n Similar nucleus adhering to the sheath of a
nervous process. (Fixed in osmic acid (1 %), stained
with pic1'o-carmine)
:t 88. Cot'ella parallelogramma. (Magnified 620 diameters; Zeiss
F, I.) Anterior part of a horizontal longitudinal section
of the brain. c Ganglion cells. gc Ganglion cell situated
in one of the anterior nerves. nuclei adhering to the
inside of th perineuriulll. 11' Neuroglia-nuclei situated in
the heaths of the nerve·tubes. (Fixed in oS11lic acid (1 Ufo),
stained with piero-cat'mine).
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Fig. 89. Phallusia venosa. (Magnified 750 diameters; Zeiss F, 2.)
Nerve·tubes and ganglion cells (gc) from a brain, mao
cerated in weak solution of alcohol. a ervou pro es
from which side·branches are given off b-e erv -tubes
from which side·branches are given off.
» 90· Amphioxus lanceolatus. (Magnified 350 diameters; Zeiss
CC, 4.) Transverse section of the spinal cord. gc, gc'
Ganglion cells. pp Protoplasmic process. vnt V n-
tral colossal nerve-tube. Int Lateral colos al Aerv-
tubes. cg Central groove (or canal). f Fibres cro ing
the grove. nf Fibres is uing from the pithelial cells sur-
rounding the central groove and penetrating to the sh ath,
enveloping the spinal cord. ns Similar, thick fibr s, united
to strong bundles, one on each side of v ntral, colos al
nerve-tube. p Pigment. nt Slender nervetubes running
transversally in the white substance. (Fixed in chromo-aceto-
osmic acid, stained according to Heidenhain's ho:ematoxy-
lin method and afterwards with Delafi Ids h<ematoxylin).
l> 91. Amphioxus lanceolatus. (Magnified 750 diamet rs; Z iss F. 2.)
Transsected large nerve-tubes from the a transv rse sec·
tion of the spi~al cord. (Preparation same as in fig. 9O).
l> 92. Amphioxus lanceolattls. (Magnified 620 diameter; Zeis
F, I.) Ganglion cell (gc) from a transvers section of
the spinal cord. pp Protoplasmic proc. penetrating to
the sheath (a) enveloping the spinal cord. pp' Protoplasmic
process, which possibly crosses the central groov , and
which in this section is transsected. cg Bottom of the
central groove (or canal). c Epithelium. ec Epithelial
cell. p Pigment occurring at the bottom of the central
groove. ns Fibres issuing from the epithelial cells and
in which some pigment is leposited. (Fixed in osmic
"cid (1 Ofu), stained with ammonia-carmine}.
Plate X.
The illustrations of this plate are drawn under the camera lucida,
from the microscope directly upon the stone. They are all taken
from sections of the spinal cord of
Myxine glutinosa.
Fig. 93. (Magnified 132 diameters; Zeiss AA, 4.) Transv rse
section of the spinal cord. (To some extent compos d
from several sections of series of transverse Sl: ·liuns.
14
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but each part is drawn under the cam. luc.) gc Ganglion
cells. 19c,. 19C<z Large ganglion cells. 1Ilp Mixed process
(or nervous process?). ~r Branches given off from the
mixed process. pbr Branches of the protoplasmic pro-
cesses. tmf'lJ mr2' tlnrs, mr. Ventral nerve-roots, which
are not transsected in the same section. but which are
drawn here to show their possition. nbr Side branch given
off from a nerve-tube, of the ventral nerve-root. "I erve-
tubes. tnt Transsected n rve-tubes, fJ Vacuoles which
possibly also are transsected nerve-tubes. M"t Muliers
nerve-tubes transsected; those in the one half of the spinal
cord are only illustrated. nc euroglia cell. nn eu-
roglia nuclei, situated in the grey substance. II> 12 eu-
roglia fibres. ep\, ep" epa Processes from the cells sur-
rounding the central canal. nuclei of the sheath en-
veloping the nerve·tubl."s of the dorsal nerve-root.
Fig. 93. A. The transsected spinal ganglion, through which the
nerve-tubes of the dorsal nerve-root pass. At a the
nerve is somwhat shortened on account of the limited
space of the plate. sh Wall of connective tissue surround-
ing the cavity in which the spinal cord is situated.
sgc Transsected ganglion cells. n" uclei situated in the
sheaths of the ganglion cells. vr Ventral ramus issuing
from the ganglion. dT Dorsal ramus i uing from the
ganglion. n' uclei situated in the sheaths of the nerve-
tubes of the latter ramus. (Hardened in Potassium bi-
chromate (2-30/0)' stained with n utral borax-carmine).
» 4· (Magnified 1 54 diameters; Zeiss CC, 1.) Part of a trans-
verse s ction through the pinal cord. mp Mix d process
of a ganglion cell (which was f1ot, hower, seen in the
section). pbr Protoplasmic branches given off from this
process. gcl , gC2 Ganglion cells. npr ervous proces es.
ppr Protopla mic processes. nf, nr., nl¥ erve·tubes or
fibrillre some of which (nft, n12) have varicose thickenings
and give off branches. cec Cell of the epithelium sur-
rounding th central canal. grs Border of the grey sub-
stance. (tained according to the chromo silver method,
vide p. 77).
» 95. (Magnified 132 diameters; Zeiss AA,4.) Part of a trans-
ver e s ction of th spinal cord. The letters have the
arne ignification as in fig. 93. ors Border of th grey sub-
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stance. ccc Epithelium surrounding the central canal.
flpr er\'ous process. flbr idebranch of the nervous
process. ntbr Main branch of the mix d process fr nt
[gc. br., br, Branches given off from the same process.
fit Obliquely transsected nerve-tube from the ntral
nerve-root (mr,). (Fixed in saturated aquous s luti n of
picric acid, stained according to Heidenhain's h mo-
toxylin method).
Fig. ¢. (Magnified 950 diameters; Zei s. Hom. im. 1/16 , I). Th
ganglion celllgc offig. 9", more lighly magnified. tIIp Mix d
process. pp Protoplasmic proce·. v, v' Tran se t
lightly staining tubes (probably bundl's of primitive tubes).
cm Sheath enveloping the c II. a avity, lilleri with a
lightly staining, r ticular substance, betwe n th 'heath
and the protoplam of the cell.
97-99· (Magnified 950 diamet r.-; Zei. H Ill. im '/IR' I.)
Transsected ganglion cells ofa spinal ganglion. n, n' Nu lei
situated, generally, in ide th h ath nv loping tip 11.
ucleus situated in the sheath of a proce . gr Dark
granules. occurring inside th sheath' (possibly artifi al
products in the section). v Tran ected, lightly tainin
tubes (probably bundles of primitive tubes). x Hyali Il •
organ (or cell?) situated in the urface of th ell.
N Elongated nucleus situated in thi organ. N' Anoth '1-
nucleus (?) ituated in the same organ. 17r Pro S' i' 'uing
from a cell; at a the heath of thi pI' C s i' only
tran sected, we do not, therefore, . e th· origin of th
process-cont nts in the protoplasm of the ganglion c II.
pn ucleus situated in the heath of the proc ·S. nt ('rv ,-
tube. tn ucleus situat d in the sh ath of thl I1crv ·-tub .
(Hardened in potassium bicromate (2-3 "I,,) stain d with
neutral b01·ax-carmine).
» [00. (Magnified I1S0 diam tel's; Zeiss. Hom. im. 1/18 , 2.)
Transsected n I've-tub s from a transverse secti n of th •
white substance. lnt Large n I've-tub s (MliIl 'r's n rv -
tub s) lnt' Such tubes in which a slight on entrati n
towards a deeply staining axis is visible. nt Transsect d small
nerve-tubes. t Tub s or cell-processes running transversally
between th longitudinal nerve-tubes. f uroglia fibr s,
which are, however, slightly visible in this s ction. (Fix d
in saturated aqvous solution of picric acid, stained ac-
cording to Heidenhain's haematoxylin method). ..
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Fig. 10 I. (Magnified 620 diameters; Zeiss. F, I.) Part of a trans-
verse section through the white substance (of the ventral
side of the spinal cord. The neuroglia fibres (I) running
transversally between the transsected nerve-tubes are
here very distinctly visible. a External layer where these
unite with the sheath (pm), enveloping the spinal cord.
lnt Transsected large nerve tubes, where the contents (c)
has skrunk into one side and is dc'eple stained. c' Contents
(skrunk in the same way) of the small longitudinal nerve-
tubes. nl Slender nerve-tubes running in the external
layers of the white substance. (Hardened in alcohol,
stained according to Heidenhains's h~motoxylin method).
Plate XI.
Ganglion cell, from a trans-
cord of Myxine. sh Sheath
They are drawn under the camera lucida.
(Magnified 1S4 diameters; Zeiss CC, I.) Part of a trans-
verse section through the spinal cord of Myxine. gc Gang-
lion cell. mpr Mixed process. brl , br2' bra ,br. Branches
given off from this process. pr Protoplasmic (?) process,
which, however, seem to return into the whit substance.
mp"2 Mixed process of a cell which is not seen in the
section. ppr' Protoplasmic process of a cell which is not
seen in the section. nt, nf", nt'" Nerve-tubes or fibrill~,
running transversally, in various directions in the grey
and white substance. vnr V ntral nerve-root. v Vacuole,
possibly transsected nerve-tube. pec Epithelial cell with
proc ss, stained for considerable distance through the
gr y tubstance. grs Border of the grey substance.
(Magnifi I ISO diameter; Zeiss CC, I.) Part of a
tran verse section through the spinal cord of Myxine.
gc., g~, gcs Ganglion cell. np ervous processes. ppr Pro-
toplasmic processes. a Place where a branch is given off
from the nervous process np'. nuc., nnc2 Neuroglia cells.
nt, nt', nt" Nerve-tubes. ec EpetheJial cells surrounding
th central canal. grs Border of the grey substance.
anr Dorsal nerve-root.
(Magnified 200 diameters).
verse section of the spinal
104·
~ I 3.
The illustrations of this plate (exept fig. 10<) & 113) are taken
from chromo-silver stained sections of the spinal cord of Myxine
glntinosa.
Fig. 102.
- 21 3 -
enveloping the spinal cord. grs Border of the gr~y sub-
stance. np Jervous process. ppr Protoplasmic process.
Fig 105. (Magnified 130 diameters). Ganglion cell, from a trans·
verse section of the spinal cord of Myxine. np Nervous
process or mixed process. ppr Protoplasmic process.
vnr Terve-tube of the ventral nerve-r00t. sll sheath enve-
loping the spinal cord.
l) 106. (Magnified 130 diameters). Ganglion cell, from at trans-
verse section of the spinal cord of M!f.xitle. VfU' Tel"\"e-
tube (of the ventral nerve-root) pring-ing dire tly frol11
the ganglion cell. sh Sheath envoloping the spinal corel.
l) 107. (Magnified 130 diameter.). Mesial part of a tran 'verse
section through the spinal cord of Myxitltl. PI nt) of
nerve-tubes (nt) are seen in the section crossing th
transverse commissure. cc Central canal. v V", Holes.
cee Central epithelial cells with stained proces es. .~h ~hcath
enveloping the spinal cord.
~ J 08. (Magnified 200 diameter"). l'uro~lia cells with their
proces es from a transverse section of th spinal cord.
The black body in the centre is probably produced arti-
ficially by the staining of several cdl situated close
together. sh Sheath enveloping the spinal corel.
» 109. (Magnified 500 diameters). Part of a transverse section
through the white substance of the spinal cord, showing
how neuroglia fIbres gather round th nerve·tube: of
the ventral nerve-roots. p Ventral periphery of the spinal
corel. grs Border of the grey substance. vnr Nerve-tube
of the ventral nerve-root. br Side-branch given off from
this nerve-tube. f euroglia-fibres. riC euroglia-cclls .
.qc Ganglion cell. ppl' Protoplasmic process. (Fixed in
aturated aqveous solution of picric acid, stain u in a cor-
dance with Heidenhain's ha:matoxylin method).
I 10. (Magnified 500 diameters). euroglia-fibres runn ing trans-
versally between the large nerv ·-tubes (MliIkr's nerve-
tubes) in the white sub<;tance; from a chrol11 -silv r stained
transverse section of the spinal cord of Myxinc. nut Neu·
roglia-fibres. Mnt Muller's nerve-tube. pc Vcntral peri-
phery of the white substance.
) 1 I I. (Magnified 80 diameters.) Part of a chromo-silver stained
horisontal section of the spinal cord of Myxine; exhibiting
the dichotomous subdivisions of the nerve-tubes of the
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nerve-root. dnr Dorsal nerve-root. a Nerve-tube subdi-
viding outside the spinal cord. pe Periphery uf the spi-
nal cord. cc Central canal. lnt Longitudinal nerve-tubes.
tnt Longitudinal nerve-tubes ~iving oft side-branches. snt
Suudividing nerve-tube. snt' Subdividing nerve-tube cros-
sing the central canal.
Fig. J 12. {Magnified 160 diameters.) Part of a chrol;lO-silver stained
horisontal section of the spinal cord. The letters have
the same signification as in fig. II I. br Slender branches
given off from the nerve-tubes of the dorsal nerve-root.
" 113. Diagmme of the reflex-curve The large arrows indicate
the way the irritation of a sensitive nerve-tube has to
pass to produce a reflex-movement. SN Centripetal (sen-
sitive) nerve-tube. dcl Dotted substance or interlacing of
nervous fibrilla:: in the central nerve-system. lJ.1.N Centri-
fugal (motoric) nerve-tube.
The small arrows indicate the way small parts of the
irritation of the centripetal (sensitive) nerve-tube pass to
arrive in other parts of the central nerve-system. 1 Nerve-
tube passing to the brain. 2 Longitudinal nerve-tube
running along the spinal cord, whilst giving off side-branches.
snc The nutritive centre of the centripetal nerve-tube
(i. e. spinal ganglion cell). enc The nutritive centre of a
part of the fibrilla:: forming the dotted substance or inter-
lacing of nervous fibrilla:: (i. c. ganglion cell of the central
nerve-system). mnc The nutritive centre of the centrifugal
nerve-tube (i. e. ganglion cell of the central nerve-system).
ppr utritivc (i. c. protoplasmic) processes sometimes
is uing from the nutritive c ntres, and penetrating towards
the periph ry of the central nerve-system or towards
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Ueber eine sehr verbreitete
K.rankhei t cler l(artoffclknollen.
('11
l}r. J. Brunchorst.
In dem Garten eines hiesigen offentliehen Institutes \\"ar ein
kleines StUekehen. das bisher immer Gras getragen hatte, mit K·\r.
toffeln bestellt worden. Beim Aufnehmen der Knollen zeigten ie
sich sehr stark von einer eigenthi.ihmlichen Krankheit angegriAen, die
mir zu naherer Untersuchung libergeben wurde, wobei sich heralls,
stellte, dass die Krankheit eine in l'\orweaen sehr haufige war, die
als .Skurv« bezeichnet wird. .Skurv« bedeutet dasselbc wie das
deutsche • 'ehorf« oder »Grind« und \Vie man aus der naehfolgenden
Beschreibung so\\'ohl wie aus der Zeichnung sehen wird, ist die hi r
behandelte Krankheit del' Kartoffeln der in Deutschland so hiiufig
auftretenden .Schorf« oder .Glind« ganz ahnlich, libel' deren Ursache
so viele verschiedene Meinungen geaussert worden sind, ohne da s
man bisher zu einem endgliltigen Resultate gekommen sei. Jeh halte
in der That beide Krankheiten fLir identisch, und werde deshalb im
folgenden die norwegische Kartoffelkrankheit, die ich beklndeln
werde, einfaeh .Schorf« oder »Grind« nennen. ollten spatere Un-
tersuchungen zeigen, dass ieh mi h geirrt habe, und das ich es mit
einer anderen Krankheit als dem eigentlichen .Schorf« zu thun gehabt
habe, dann verlieren die Ergebnisse meiner Untersuchung dadurch
nichts an Werth, nur betreffen sie dann eine dem chorf sehr
ahnliche abel' nicht damit identische Krankheit. Indessen sprieht
alles dafLir, dass ich es mit dem wirklichen .Schorfc ZlI thun g- habt
habe; sagar del' mikroskopische Refund in seinen grobstcn Zligcn
stimmt ganz mit dem fLir • chorf« angegcbenen libcrein, wtihrend
allerdings die genauere Untersuchung mil' eine ganz andere Mcinung
von der Ursache der Krankheit beigebracht hat wie dic gewohnlichc.
Die Krankheit besteht darin, class die sonst glatten Schalen dcr
Kartoffeln eng umschriebcne, runclliche oder mehr unregelmassigc,
braune Flecken erhalten, die aus 1-2 Mm. dicken, braul1cn Krustcl1
gebildet sind. Die Substanz dicser Krusten ist an dcr frischcn
Knolle ziemlich weich, wird beim Austroeknen abel' krUmclig und
brlichig, und lost sich manchmal unsehwer von del' Knolle ai, indel11
15*
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die Kruste, durch eine im Umkreise des kranken FJeckens mit der
Korkbedeckung der Knolle zusammenhangende Korkschicht, von
dem gesunden Gewebe abgeschlossen wird. An den von mir zuerst
untersuchten Knollen waren die kranken Flecken oft sehr gross und
flossen an den Randern zusammen, grosse ganz unregelmassige, oft
beinahe die ganze Knolle bedeckende Krusten darstellend; meistens
sind sie doch viel kleiner, oft nicht grosser wie 1-2 Mm. im Durch-
schnitt. Die Krusten werden sehr haufig von Thieren (Larven etc.)
gefressen, so dass an vielen tellen das ganze kranke Gewebe weg-
gefressen ist, und die Knolle deshalb, statt der Erh 0 hung e n, krater-
artige Vertiefungen mit leicht erhabenen Randern aufweist. Eine
kranke Knolle ist in Fig. 2 Taf. I abgebildet. Bei a, a sieht man
die noch mit den Krusten bedeckten kranken Flecken, bei b sind
inige der ihrer Krusten beraut.ten, deshalb kraterartig vertieften
tellen wieclergegeben.
Nach cler jetzt gewohnlichen Meinung soil cler »Schorf« in der
Bodenbeschaffenheit seine Ursache habe'n. In welcher Weise
die Bodenbeschaffenheit die Krankheit verursachen soil, dal'Liber sind
allerdings die Meinungen getheilt. Frank und Sorauer schliessen
sich in ihren Handbuchern der Pflanzenkrankheiten im wesentlichen
der 1\.1 inung chacht's an,l) nach welcher durch Libermassige Feuch-
tigkeit verursa hte Len tic e 1Je n w u c her un g die einleitende Ursache
der Krankh it sei. Au irg nd einer Ursache soil das lockere
FLillgcwebe d r Lenticellen absterben, lind von diesen A usgangs-
punkten aus ein weiteres Absterben uno FauJen des Knollengewebes
stattlindcl1. F ra n k 2) fas t dementsprechencl die Krankheit als eine
b sander Art von \Vundlalile auf, wahrend sie von Sorauer3)
unter den durch HlIlgLinstig chemische BOdenbe chaffenheitc vcr-
ur 'achten Krankh iten aufgeflihrt wird.
7ach del' ~lcinung der praktischen Landwirthe soil, wie es scheint,
ni htc1ief uchtigkeit, sondernvielmehr das Mergeln oderKalken
die Krankheit verursachen, ine Meinung, lie allerding durch die
mit KalkdLingung angcstelltcn c1irekten Versuche (efr. H id en in
Ju t's Jahre b 'l'icht Rd. IX, 2, p. 73 J) nicht bestatigt worden i t, und
na h wei her der chorf also doch auch zu den nichtparasitaren
Krankheitcn gehuren ollte.
I) Ucricht iiber rlic Karto!TdpA:mzc lind deren Kr:lll khcitclI. Uerlin 1856.
• ) l-bllclhllt"h d~r PA:lllzcllkrnnkheitcn p. 140.
") H:lndbllch d. Pftanzcnkr:lnkhcitclI 1886 p. 227.
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Diesel' Meinung entgegen bin ich nun zu del' eberzeuaul
kommen, dass wir es in dem Schorf mit einer para iUiren K
heit zu thun haben, del' dllrch einen parasitisch n
und zwar einen Pla,smodiopllo1'a-ahnlichen Myxomyc
veru rsach t ·wi rd.
In del', wesentlich auf die Unter. uchllngen c hac h t' gestu
Beschreibung Franks \'on del' uns intere irenden Krankheit, w
in den Zellen del' Schorfstellen »gelb- oder brallng frlrbte Ballel
organisirter Substanzc erwahnt, welche an Stelle del' \'ersehwlInl
Starkemehlkorner getreten seien. Solche aelb- oder braunae:
Ballen fand ich bei del' von mil' untersuchten Krankheit s hr l' i,
vor. Fast jede Zelle del' Sehorfstellen enthielt einen solchen
lichen, beinahe undurchsichtigen Ballen. In Fig. 3 ist ein L
schnitt eines ganz kleinen Schorffleckens bei ch\\'acher \ ergr" 'S'
abgebildet, und diese Ballen (b, b) sind in den Zellen deutli h icl
Sie sind so tief nach innen zu tinden, wie die krank chorl
selbst sich ausbreitet; sind au l' nie in d m ae und n Ge
unterhalb del' Schorfstelle vorhand n.
Bei oberflachlicher B lrachtung ch inen die Ballen in del'
aus desorganisirter ub tallZ zu be then. ieht man abel' gel
zu, wird man an einzelnen Ballen ine bestimmte Structur 1
nehmen konnen, indem sich die Oberflache del'S Ib n al aus
oder mindel' regelmassigen ech ecken zu ammenges tzt h rau !
An den Ballen in nattirlichem Zustande, ohne B handlung mit
gentien, ist diese tructur schwer ichtbar und bIos an einz.
BClllen zu bemerken. Dureh Behandlung Ie chorfigen Ge\~
mit Aufhellungs- und Quellungsmitteln (H2 0 4, KHO und Ea
Javell ) wird die truetur abel' deutlicher siehtbar und man
sieh leieht Uberzellgen konnen, dass nicht bIos einzclne Balle!
zeigen, andere structurlos sind, sonJern dass sic aIle ohne Ausna
genau gleich organisirt sind, und von del' Oberflache ges hen
Bild zeigen, das in Fig. 4 abgt'bildet ist. - ie s e hen so au s
waren sie aus eckigcn Zellen gebilJet~ Kugel, wo
Kllgelwandung allerdings von gross ren Loeh rn du
brochen i t.
Ueber die nahere Strllctur del' Ballen gelangt man j (
ohne weiteres nicht zur Klarheit. Das Inner ler durchloeh~
Hohlkugel habe ich durch kine del' gebrauchlichen Reager
so aufhellen konnen, dass seine Structur sichtbar wurde.
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Zellwandc der die Hohlkugel zusammensetzenden Zellen sind
braun und undurchsichtig und lassen sich nicht durch Quellungs-
mittel aufhellen. Besser wird man tiber die Structur der Ballen klar,
wenn man ganz diinne Durchschnitte durch denselben anfertigt und
- nach Farbung - in Canadabalsam einlegt. I) Ein solcher Schnitt
ist in Fig. 5 abgebildet. Wenn man dieses Bild mit der Fig. 4 com-
binirt, sieht man, dass die Ballen durchlbcherte Hohlkugeln
darsteJlen, deren Inneres von einem 1 etz- oder Balken-
werke durchsetzt wird, und dass alles, Kugelwandung so-
woh I w ie Bal ken, all s kleinen po Iyedrisch e n Ze II en b esteht.
Die den Ballen allfbauenden Zellen sind mit einer deutlichen
Wandung versehen, der sich besonders durch Hamatoxylin leicht
farben lasst, und haben einen Inhalt, der sich durch Anilinfarben ziem-
lich stark tingirt, in der aber, wegen der Kleinheit der Zellen, keine
deutliche Organisation erk nnbar ist. An einzelnen Hamatoxylinpra-
paraten habe ich doch in Inneren der Zellen einen Punkt gesehen,
der starker wie der tibrige Inhalt gefarbt war, und der wahrschein-
Iich der Zellkern gewesen ist Die Zellen sind durchschnittlich etwa
3.5 Mile gross. Durch Kochen der Ballen mit Kalilauge Ibsen sie
sich soweit von einander ab, dass man sie durch Quetschen ganz
von inander lostrennen kann, so dass die Ballen in die kleinen
- jetzt abgerundeten und gequollenen - Zell n zerfallen. Durch
Jodreagentien (auch Chlorzinkjod) werden die Ballen gelb- bis
braung farbt; irgend eine blaue tarke- oder violette Cellulosefarbung
lasst sich nicht hervorrufen.
ach der beschriebenen Organisation der Ballen, sind djeselben
nicht mehr als :td sorganisirte Massen« zu betrachten, sondern
durfen mit Sicherheit als zu irgend einem Parasitell gehbrend
ange eh n werden, trotzdem es mir bis jetzt nicht gelungen ist, die
weitere Entwickelung der wohl als poren aufzufas enden kleinen
Z lien zu verfolg n. La st man die kranken Kartoffeln in Wasser
Ii g n, wo dann mit der Zeit das ganze innere Gewebe wegfault und
von Baktericn aufgelost wird, bi nur die Korkschale iibrig ist,
lann bleiben die chorfflecken mit ihren Pilzkorperchen 110ch er-
halten. Nur ind - nach 4-5 Wochen - die Ballen, wie mir scheint,
twas durch ichtiger wie vorhin und etwas, wenn auch wenig, ge-
qu lien. Irgenu eine Keimung habe ich nicht beobachtet, trotzdem
1) Es ist selbstver t~ndlich ganz unmoglich solche Schnilte dUTch die sehr
klein en Bnllen tU erhnllen, wenn mnn nicht in Pnrafin oder Celloidin einlegt und
mit clem Mikrotolll schncidet.
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ich wiihrend langer Zeit 10 der wrschieden ten \\. eise versllcht habe
~ie hervorzurllfen.
Das vorhin beschriebene Stadium der Krankheit, wo die 'chale
Lier Kartoftel von brauner. Krusten bedeckt ist ist nicht das ur-
sprungliche, wenn es auch das einzige ist, dass wie ich verl11l1thc,
bis jetzt beobachtet worden ist. Die braunen Krusten odeI'
Fie c ken en t w ic k e Ins ic h n ii 1111 i c hall s K not e noderE1'-
h b hun g e n, die v 0 m nor m a len K 0 r ked e r K art 0 ffelk noll c
bedeckt lind deshalb ganz glatt sind.
In einem Stadium der Krankheit, welches dem vorher beschri ben n
lind in Fig. 2 abgebildeten v 0 ra n g e h t, sind die Knollen mit glatt n,
rllndlichen \tVarzen be etzt, die an ch inend ganz ge lind ind, lind
deshalb wohl auch mit zufalligen knotigen Au wlich en an gesunden
Knollen verwechselt, und nicht bemerkt worden sind. Eine mit
olchen Knoten reichlich bedeckte Knolle ist in Fig. I abg' bildet.
\tVenn die Knoten odeI' Emergenzen so zahlreich ind wie in die:,em
Fall . i t ja das Au ehen del' Knolle schon beim ersten Blick auf-
fallend; \Venn die Knoten abel' - und das ist del' gewohnli here Fall
- wenig zahlreich sind, sehen die Knollen vollstandig ge und aus,
lind man iibersieht die Krankheit ganz.
Die OberAache dieser Emergenzen ist, wie chon gc 'agt, gan?
glatt und von normal m Aussehen, clas Inncre fest und gesund.
Sieht man aber naher w, wird man an Durchschnitten dllrch clie War-
zen bemerken, class das Gewebe derselben sich von clem librigen,
gelblichen Gewebe del' K nolle dllrch seine wei' Ii c h • Far baliS-
zeichnet. Diese Farbung geht nicht tiel' hinein lIncl i t nach innen
ganz scharf begrenzt. In Fig. 7, Taf. I sind - in natlirlicher
Grosse - zwei Durchschnittsfragmente clurch kranke Kartoffcln im
crsten Stadium del' Krankheit abgebildct. Die graug zcichneten
Parthien deuten die Ausbreitllng des wei slichen Gewebes an.
In dem. weisslichen Gewebe cler kranken Emergcnlen sind An-
fangs keine del', wie wir jetzt wis en aus polyedrischen Zell n
bestehenden, Ballen vorhanden. Dagegen incl die Zellell s hon
tarkefrei odeI' starkearm, eben~o wie es ill dem spat r I n
Hallen enthaltendell Gewebe del' Fall ist und enthalten lin d iff·-
renzierte Plasmamassen, die klciller odeI' grosser sein konnen,
manchmal die ganze Zelle allsflillen, manchmal verhaltnissmassig
wenig umfangreich sind, und entweder um den Zellkern d- r Kar-
toffelzellen herumgelagert sind odeI' sich im wancJstandigcm Plasma
aufhalten.
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Anfangs sind diese Plasmamassen ganz formlos, von unregel-
massig korniger Beschaffenheit. Spater runden sie sich nach Aussen
ab und nehmen wahl meistens die Mitte der Zelle ein, deren eigener
Zellkern jetzt nicht mehr aufzufinden ist, und deren tibriger Inhalt
auch zum grossten Theile verschwunden ist. Bald nachher wird
auch eine tructur der Plasmaklumpen sichtbar. Sie gestalten sich
zu Gebilden von der Structur eines groblocherigen Waschschwammes,
wobei das Plasma die Substanz zwischen den .Poren darstellt, die
Poren selbst von zellsafterfullten Hohlraumen reprasentirt wird. In
Fig. 6 PI. I sind zwei Zellen, die solche Plasmaschwammchen ent-
halten, dargestellt. Das Plasma ist in diesem Stadium - besonders
nach Farbung - voll gros~er Korner, von denen wohl einige Zell-
kerne darstellen. Es farbt sich sehr leicht mit Anilinfarben und
giebt mit Millons Reagens deutliche Eiweissreaktion.
Kurze Zeit nach der Entstehung der Schwammstruktur differenziert
sich das Plasma weiter in den vorher beschriebenen Zellen, wobei die
Schwammstructur beibehalten lind fixirt wird lind der Parasit, so weit
wir ihn bis j tzt kennen, in sein vollkomnestes Entwickelllngsstadium
eingetr ten ist. ]etzt - oder kurz vorher - verlieren die vom Para-
sit n bewohnten Zellen ihren Turgor; die glatten Warzen schrumpfen,
nehmen braune Farbung an, lind der typische» kurv« ist vorhanden.
D r hier beschriebene Para it i t, nach dem was wir bis jetzt
wis en, wohl am nachsten mit Plas'IIlodiopltora Brassicac verwandt.
1m erst n Entwickelungs tadium. den wir auch als Plasmodiumstadium
bezeichnen konnen, sieht in der That das kranke Gewebe \'on
Plasmodiophora angegriftenem Kohlwurzelgewebe auft-allend ahnlich.
B i cI r Differenzierung des Plasma in den mit 'Nan I ver ehen n Zellen
(Fig. 4 u. 5. Tar. J), macht sich aber ein auffallender Unterschi d zwischen
Pla 1J!odiophom und un erem Pilz bem rkbar. B i Plasmodipltot'lt
B1'a sicae isoliren sich di ~poren \'on einander und fullen al dicht
geclriingtcr Haufen die ang griffen n Zellen aus; sie liegen wie Erbsen
in ~incm 'a ke. Bei clem Parasit der KartofteIknolien dagegen blei-
b n eli· als poren aufzufassendcn Zellen mit einander fest verbun-
d n, lind bildcn zusamm n einen eigenthUllllich geformten, runellichen,
von II hlriiumen oder Kanalen durchsetzten, chwammartigen Korper. J)
I) Wenll dc ,. Pilz ill tlcrselbell \Veise wie Plasnludiuphora keimen sollte, is
del' ZlVcck del' Hohlr;iume lind Knn;i\c h,icht ,·erst:illdlich. netrachtet mnn die Fig. 5
del' PI. l lVird mall bClllerkell, dass beinnhe jede Zdle des Pilzkurpers ulllnittelbar
:Ill eillcll HohldullI. grcnzt sofern sic nicht die freie Oberfl:iche einnimml. '''enll
Illlll jede Zelle cine bcwegliehc Schw;irmspore prodlleirt, ist durch die Knn;il" die
i\log-liehkcit gcgehell, das s:immtliehe Schwarmer direkt ind die umgebende Flus.
sigkeit hincillschwimll1ell kunnen.
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Del' Parasit del' Kartoffeln diirfte deshalb am besten in ine and re
Gattung als Plasfnodiophora gesetzt werden. Ais Ga ttungsname
sehlage ieh - wegen der waschsehwammahnliehen Struetur des
Pilzkorpers - Spongospora vor, und del' Parasit mag denl naeh
Spongospora Solani genannt werden. I)
Was das Vorkommen des Spo,agospom betrifft, ist d rselbe hier
in orwegen ausserst verbreitet; wenn es sieh bestatigen sollte, wa
ieh sieher glaube, dass der Pilz die Ursaehe der in Deutsland »Sehorfc
genannten Krankheit ist, und vielleieht aueh der »Scab« d r Eng-
lander, wurde auch sonst die Verbreitung eine ganz anseh nliehe sein.
Hier in orwegen ist die Krankheit besonders im westliehen Theile
so ungemein haufig, dass man nur mit Miihe eine ganz und giU
gesunde Knolle findet. Beinahe jede Kartoffelknolle zeigt bei ge-
nauer Untersuehung wenigstens ein paar ganz Kleine Sehorffleeken.
Nur selten aber, und zwar besonders an sehr feuehten Stellen, greift
die Krankheit so urn sich, dass die Kartoffeln in Aussehen erhalt 11
wie das in Fig. I U. 2 abgebildete, unci auch in diesem Faile schadet
die Krankheit den Knollen nur insofern als ihr Au ehen I idet und
cler Verkaufswerth verringert wird. Beim Sehalen der Kartoffeln
werden ja so wie so die kranken Theile entfernt und die angegl-iffc-
nen Knollen sind dann ebensogut wie gesunde. In gewiss n Gc-
genden Norwegens behauptet man sogar sehorfige Kartoffeln s ien
besser wie gesunde, was wohl Uebertreibung sein diirfte.
Ob die Grossenausbildung der Knollen lurch die Krankheit
leidet, vermag ieh nieht mit Sieherheit 7.U sagen, inclem selb't sehr
grosse Knollen stark angegriffen sein konnen.~) Die meisten stark
angegriffenen Knollen diirften doeh klein bleiben, was aber n icht
eine direkte Wirkung der Krankheit zu sein braueht, indem ein
starker Angriff d s Parasiten gewohnlieh mit sehr ungunstigcr
Bodenbeschaffenheit zusammenhangt.
Ein merkwi..irdiger Umstand ist es, dass die beiden sUirksten
/
Angriffe cles Parasiten, die ieh kennen gelernt habe, und Ii ausser-
ordentlich stark waren, an Stellen auftraten, wo seit vic! n Jahren
keine Kartoffeln gebaut worden waren. Die Krankheit wurdc ja un-
1) Die Publiziruug diesel' Arbeit i·t durch zufiillige L'1ll5l:lntlc verzijg-crt w()ruen,
so dass eine kurze Notiz tiber den Pilz in -De vigtig-ste Plantes}ogtlolYllllc- (luni
J 886) zoerst erschien.
2) Ftir dic Abbildung wurden absichtlich kleine Excmplare 3usgt:lI':ih It.
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zweifelhaft mit den Saatkartoffeln auf den Acker gebracht; indessen
scheint es' mir, dass diese Art der Infection nicht ausgiebig genug
gewesen sein kann, um den ausserordentlich starken Angriff zu er-
klaren, der sich in beiden Fallen zeigte. Ich mbchte eher glauben,
class der Parasit in dem Boden saprophytisch fortlebcn kann, wenn
ihm die Gelegenheit genommen ist Wirthpflanzen zu finden. Hier-
<IUS wUrde folgen, dass Fruchtwechsel und reines Saatgllt ungenUgend
ei urn der Krankheit Einhalt zu thun, und die direkten Versuche,
die ich bis jetzt gemacht habe, scheinen in der That diese An-
ntlhme ZlI be ·tatigen. Indessen sind weitere Experimente nothwendig
lim diesen PlInkt slcher ZlI entscheide'1.
FigurenerkHirung.
PI. I.








Eine Kartoffelknolle mit von den Plasmodien des Spongospora
verllrsacht n, warzigen Emergenzen. (Tat. Gr.).
KartoffeIknolle mit »SkurvRecken« des en Zellen die Sporen-
ballen des Parasiten einschliessen. (Nat. Gr.).
Durchschnitt durch einen kleinen »SkllrvRecken«. b, b Die
Spor nballen. (Schwach vergrbs<;ert).
Ein Sporenballen von Aussen gesehen. (1000 Mal ver-
grossert).
Ein dUnner Durchschnitt dur h einen porenballen. (1000
Nbl vergri.isscrt).
Zwei plasmodicnfi.ihrende Zellen; dic Plasmodien haben
, hW<1l1llllstrllktllr angcnommen. (400 faJ vergrossert).
DlIrchschnitte durch dic in Fig. [ abgebilcleten Warzen.
(Nat. Gr.).
Zur Bekampfung der I 011111 rill .
on
Dr. J. Brunchorst.
Gegen die durch Plasmodiophora Brassicae verur acht Krank-
heit der verschiedensten Kohlvarietat n wird als be tes Mitt I Fru ht-
we c h s e I angegeben. Es ist auch unzweifelhaft, da die 1ittel
fur diejenigen von der Krankhelt h imgesuchten Pflanzensorten, welche
direct auf dem Felde gesaet werden, von gros em Erfolg i t.
Anders stellt sich aber die Sache bei gerade den werthvollsten
Kohlsorten, die im Mistbeete gesaet und erst spater auf dcn k r
ausgepflanzt werden. Die elben werden, wie ich mich i.iberz ugen
konnte, haufig krank, wenn auch das betreffende Fel I ni , od r it
vielen Jahren nicht, Kohl oder andere Wirthpflanzen de Plasmodio-
phora getragen hat. Dies ri.ihrt wenig t ns sehr haufig dah r, cia
die amlinge schon i m lit bee t e inficirt wernen und di vcrh
rende Krankheit auf das Feld mit. ich tragen.
Auch wenn das Feld, wo die amlinge au gepfJanzt w rd n,
inficirt i t, hat, wie d r folgende Fall zeigt, di Infektion im Mist-
beete einen sehr grossen Einfluss auf dic Anzahl d r ang grif~ nen
Pflanzen und somit auf den Ertrag de kranken Felde'. In incm
Garten dicht bei Bergen war eit e wa zwanzig Jahren immer auf
dems Iben Felde Kohl (Kopfkohl und Gri.inkohl) g pllanzt worden.
Hemie war seit Jahren aufgetreten und richtete jahrlich so aus cr·
ordentliche Verheerungen an, da s von hundert Kohlpflanzcn ge·
wohnlich kaum zehn zu normaler Ent\Vickelung g langt n. Voriges
Jahr wurc! wieder Kohl gepflanzt und \Vie gewohnlich bot da F Id
einen hr traurigen Anblick dar, indem die i.iberwicg nd Anzahl
der Pflanzen sehr zuri.ickblieben odeI' ganz ausgegangen war n. Bci
genauerer Durchmusterung de ti.ickes zeigte sich nun aber, Llass
ein bestimmter treifen einen viel grosseren Prozentsatz g' sunder
Pflanzen darbot wie der i.ibrige Theil. D r "treifen zeigte, was Bo-
denbeschaffenheit und Culturverhaltnisse betrifft, gar keinen Unter-
schied von dem i.ibrigen Theile; auf Nachfrage stelltc sich ab r fol-
gendes heraus. Beim Aus ahen der Pflanzen in dem gewohnlichen
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Mistbeete war eine Portion Samen ubrig geblieben; diesel' Theil
wurde in einem Kasten ausgesaet, del' niemals Kohl oder ahnliche
Pflanzen getragen hatte, wahrend das Mistbeet schon lange im Ge-
brauch gewesen und voraussichtlich inficirt war. Mit den in dem
Kasten aufgewachsenen Pflanzen war del' verhaltnissmassig gesunde
Streifen des Feldes bestellt worden. Aehnliche Erfahrungen sind
mil' auch von einer anderen Stelle, wo die sogenannte "Knope oder
Hemie verheerend auftritt, mitgetheilt worden, und die Praxis be-
statigt also die Annahme, die man schon aus theoretischen Grunden
machen wurdc: sogar wenn man, del' Umstande wegen, ein inficirtes
Feld zum Auspflanzen von Kohl benutzen muss, spielt es in Bezug
auf die Grosse de~ Ertrages eine bedeutende Rolle, ob die Samlinge
im gesunden oder inficirten Boden aufgewachsen sind.
Die Bestellung del' Mistbeete mit unzweifelhaft gesunder Erde
ist also in Gegenden wo die Kohlpflanzen-Hemie auftritt, von del'
grossten Bedeutung als Vorbeugungsmittel gegen die Krankheit.
Es leuchtet aber ein, dass es gerade in solchen Gegenden nicht
leicht ist ganz gesunde Erde zu beschaffen. Theils durfte es manch·
mal schwer sein, gesunde Erde zu finden, die gleichzeitig die ubrigen
Bedingungen, die man an eine gute Mistbeeterde stellen muss,
ausfLillt; besonders durfte es abel' ausserst schwierig sein, es zu
vermeiden, class die gesunde Erde, wenn man sie einmal hat, nicht
durch die Gerathschaften oder durch hundert andere Zufalle in-
ficirt wird.
Fur die Bekampfung cler Hemie wurde es aus den dargelegten
Grunden schon sehr vortheilhaft sein, wenn man ein Mittel finden
konnte urn den Boden del' Mistbeete Zll desinficeren. Das beste
ware selbstverstandlich, wenn man das Feld selbst kunstlich entpilzen
konnte; ein Mittel dies zu erreichen wiirde abel' wahrscheinlich so
kostspielig sein, dass es nicht anwendbar ware und ich beschrankte
mich deshalb darauf ein Desinfektionsmittel flir Mistbeete ausfindig
zu machen.
Del' tark inficirte Boden des oben erwahnten Gartens bot mil'
die Gelegenheit Versuche in diesel' Richtung anzustellen. Eine Pe-
troleumfoustage deren beide Boden zuerst mit je 5~ grossen La-
chern versehen worden, wurde quer durchschnitten, die beiden
Halften gut ausgekocht, urn den Petroleumgeruch zu entfernen, und
mit den Oeffnungen nach oben in den Boden des inficirten Feldes
eingesenkt, so das die Randel' ungefahr zwei Zoll hoch uber die
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Bodenoberfhiche hinausragten. Die Fasshalften wurden darauf mit
Erde gefiillt, die dicht daneben von clem Felde genommen wmdt',
und die unzweifelhaft stark inficirt war.
Darauf wurde zur Desinfektion der dmch die Fasser eingeschlo -
senen Bodenmassen geschritten. Als Desinfektionsmittd wurele
Schwefelkohlenstoff gebraucht, und zwar in folgendt'r \Yei -e. jede
Fasshalfte hatte oben cinen Dmchmesser von etwa S Decimder; in
jeder derselben wurde mittelst eines Pflanzstockes sechs Locher ge-
macht, eins im Centrum, tunf andere in kreisfbrmiger Anordnung
zwischen dem Centrum und clem Rande. In jedes del' etwa 3 Deci- I
meter tiefen Locher wurde etwa 50 Gr. Schwefelkohlenstot1· hinein-
gegossen, so dass auf jede Fa halfte 300 Gr. verwend t wurde.
Darauf wurden die Locher mit Erde gefullt, und das ganze acht
Tage stehen gelassen, damit del' Schwefelkohlen tof sich verflUchtige
und auf den Boden einwirke. Tach acht Tagen wurde owohl di'
desinficirte Erde wie auch ein Theil des Feldes auss rhalb, abel' dicht
bei den Fassern, mit einer Anzahl Kohlvarietaten besiet.
ach zwei Monaten wurden die Pflanzen allsgegraben lind lInter-
sucht; dabei zeigte sich, dass die Schwefelkohlen toffdesin-
fektion eine sehr gUnstige Einwirkung in Bezug auf die
Hau fig k e it del' Herni e ge ha bt ha tte.
Vnter 100 pnanzen des desinficierten Boden fanden
sieh hbehstens 2 kranke.
Vnter 100 Pflanzen des nieht desinfieicrten Bodens
waren dagegen mindesten 80 von PlaslIIodioph01'a angc-
griffen.
In dem Schwefelkohlstoffe hat man folglich in Gegend n, wo
PlasmocZiophora haufig ist, ein ausgezeiehnetes Mittel lim sich dagegen
zu sichern, dass die Kohlpflanzen schon illl Mistbeete von del' sehr
gefahrlichen Hernie-Krankheit ergriffen werden lind dicsel1 e auf !las
Feld hinausfUhren. Dureh Sehw felkohlenstoffdesinfl ktion IeI' Mist-
beete in Verbindung mit vernUnftigem pflanzenweehscl wird man
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Bei den verschieclenen Arten der drei Gattllngen Alnus, Elii,-
agnus und Hippophae finden sich bekanntlich eig nthumliche Imol-
lige Anschwellungen an den \VlIrzcln, welche be ond rs durch die
Mbglichkeit class sie normale, den Leguminosenknbll h n allaloge
Gebilde seien, unser Interesse b anspruchen. Die e Anschw lluogen
haben in der letzten Zeit in ziemlich hoh m Grade die Aufrnerksam-
heit der Botaniker auf sich gelenkt und sind der Geg nstand ziem·
lieh verschiedener Deutungen gewesen. Die alteren Anscballung 11
tiber die Natllr der Knollen erwa1me ieh hier gar nicht - dieselben
sind in einer anderen Arbeit 1) referirt - aber chon die neueren
und neuesten Arbeiten liber die betrcffenden Gebilde bietl-:n merk-
wtirdige Versehiedenheiten in der Auftassung dar, die hi r ganz kurz
karakterisirt werden mbgen.
W 0 ro nin 2) fasst die Knollen von Alnus (die einzig n die er
kennt) als Pilzgallen auf. D rPilz sei en Hyphenpilz, Schinzia Alni.
Warming 3) untersueht die Eliiagnusgallen - die d njenign
von Alnus ganz ahnlich sind - und glaubt als deren U rsachc cinen
parasitar n My~ omyceten (Plasntodiophora) zu tindell.
') Brunehorst: Ueber Wurzelan ehwellungen YOn Alnus und den Eliiagnaceen.
(Vnters. aus dem Bot. Inst. zu Tiibingen. Bd. II, p. 151.)
'1) Ueber die bei der Sehwarzcrle cte. au(tretenden 'Vurzclansehwellungen.
(Mem. de I'acad. imp. de St. Petersbourg-. Scr. VII. Tome X. o. 6.)
3) Smaa biologiske 0g morfologiske Bidrag. (Botanisk tidsskr. 3die /{;ckke.
Bd. I, pag. 84. 1874.)
16*
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Frank I) schliesst sich der Auffassung Woronins an und nennt
den Hyphenpilz ebenfalls Schinzia A.lni.
Moeller 2) fasst auch die Anschwellungen (Alnus) als Pilzgallen
auf; der Pilz sei aber kein Hyphenpilz sondern eine Plasmodio-
phora.
Wo ronin 3) schliesst sich der Auffassung Moellers an, meint
aber es seien in den Anschwellungen bisweilen zwei verschiedene
Pilze vorhanden; eine Plasmodiophora, ein Hyphenpilz.
B run c h 0 r s t 4) findet in den Anschwellungen von sowohl A.lnus,
wie den Elaagnaceen einen und denselben Hyphenpilz vor, dessen
Entwicklung von dem vegetativen Stadium an bis zur Entleerung
der Sporen aus den bisher selbst als Sporen aufgefassten Sporangien,
beschrieben wird. Der Pilz ist aber von der Nagelischen Schinzia
sehr verschieden lind wird deshalb in die neue Gattung Frankia
gestellt.
Frank~) schliesst sich zuerst der von mir vertretenen Ansicht
tiber die atur der Anschwellungen lind deren Inhaltskorper voll-
standig an, kommt aber bei emeuerter Untersuchllng der Gebilde 6)
•zu dem Resultatc, dass wir es in den eigenthumlichen Inhaltskor-
pem der Anschwellung zellen mit gar keinem Pilze, wie uberhallpt
mit gar keinem Parasiten ZlI thun haben. Die von mir
aufgestellte Gattung Franlcia existirt nicht, in den Anschwellungen
haben wir cs mit normalen Gebilden zu thun, die irgend eine normale
physiologische FlInktion ausflillen; die vielumstrittenen Inhaltskorper
(Hyphenknauel) seien ahnliche Gebilde wie die Bacteroiden der
L guminosenknollchen nach meiner jetzt allgemein angenommenen
Theori .7)
Di se Deutung der Knollchen war mir nach meiner Arbeit uber
di L guminosenknollchen sehr nahe gelegt und die Mogligkeit, dass
I) l)n~lIlenkmnkheiten 1880, p. 649.
~) Ueb'r PlllsmodiopllOra Allli. (fierichte d. Deutch. Bot. Ges. 1885. p. 102.)
") DCIllCrkulI1: III dcm Aufsatz VlllI H. Moellcr (ibcr Plasl/lodiopllOra Alni.
(Berichte d. Ucutsch. Bot. Gcs. 1885, p. 177.)
0) 1. c. p. 157. II. fall:.
0) I.cllnis Synopsis Bd. III, p. 609.
") Sind die Wurzelan'chwellllngen ,Ier Erlen ulld ElilagnareclI Pilzgallen I
(Ber. rlcr Ueutsch. Bot. Ges. 1887. p. 50.)
T) Ber. d. Dellt ch. Bal. Ge . II 1885, p. 241.
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die Alnus-Anschwellungen nonr.ale Gebilde seien war der \\ s ntjichste
Grund. dass ich tiber dieselben die Anfangs citirte Arbeit ma hte.
Trotzdem dass ich also die jetz. von Frank vertretene An 'icht
schon damals in Betracht zog. brachte micht die mikroskopische Unter-
suchung zu der Ueberzeugung, dass die Knollchen von Al"us und
den Elaagnaceen. in Uebereinstimmung mit der gewohnlichen An-
sicht. Pilzgallen sei~n. Diese Ueberzeugung muss ich jetzt, nach er-
neuter Untersuchung. vollstandig aufrecht erhalten.
Das was man in den Zellen sieht ist weit mehr einem Hyphen-
pilze wie irgend einem anderen Gebilde ahnlich; die ungezwungen te
Deutung der atur der Inhaltskorper ist nach dem mikro kopisch n
Befunde die Deutung als Hyphenknauel und bis es experimentell
nachgewiesen wird. dass die Knollchen wirklich normale G bilde
seien. hat man demnach nicht das Recht denselben eine andere Be-
deutung wie die als Pilzgallen beizulegen.
Was sieht man aber in den Inhaltskorpern der Zellen? Da i t
an und fur sich, und besonders bis das Experiment die Frag nd-
gUitig entscheidet. fur die Deutung der eigenthtimlichen Gebilde von
der grossten Bedeutung und daruber gehen nach der letzten Arbeit
Frank's die Meinungen immer noch aus einander.
Ehe ich auf eine kurze Discussion der Structur der Inhalt korper
eingehe. will ich vorausschicken, dass es unzweifelhaft i t. das F ran k
und ich dieselben Gebilde vor uns gehabt haben. Die ersten Unter-
suchungen, die ich uber die Alntlsknollchen machte, wurd n in dem
Institute Franks ausgeftihrt und auch meine spateren Praparate
kennt Frank aus eigener Anschauung, so das~ irgend in Zweifel
tiber die Identitat der untersuchten Inhaltskorper nicht obwalt n
kann. Wir haben eben nur dasselbe in verschiedener Weise gesehen
und gedeutet, und die Frage ist also nur, wer richtig gesehen und
gedeutet hat.
Der anatomische Bau der Alnus- und Elaagnaceenknollchen und
die verschiedenen Zonen in der Anordnung der Inhaltskorp r ist in
der oben citirten Arbeit ausfuhrlich dargestellt lind kommt hier wenig
in Betracht, nur dtirfte vielleicht darauf aufmerksam gemacht werden,
dass wir es mit zwei scharf zu unterscheidenden Stadien in de..
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Entwickelung der fraglichen Gebilde zu thun baben; das jiingste
tadium, am cheitel der Anschwellungen, wo man bei schwacher
Vergrosserung nichts sieht als eine komige, undifferenzierte Masse,
und ein spateres Stadium, wo die verhaltnissmassig grossen, schon
eit W a ro n i n bekannten Blaschen oder Kugeln den auffallendsten
Inhaltsbe tandtheil ausmacht.
Das folgende bezieht sich zunachst auf Alnus, hat aber auch
fur die Eliiagnaceen, deren Knollchen genau mit denen von Alnus
ubereinstimmen, Gultigkeit.
In d m jiingsten Stadium sieht F ran k bei starker Vergrosserung
einen schwammartigen Korper, aus stark lichtbrechender Substanz ge-
bildet. Die Poren dieses Schwammes sehen ihm als »kleine regt:llos
g formte Kammern oder Kanalchenc aus, die ganz von einander
getr nnt, und aus einer schwa-cher lichtbrechenden Substanz gebildet
sind. Die Inhaltsbestandtheile der jiingsten Zellen seien also nach
Frank aus unregelmassig geformten, oft langgestreckten Kornern
g bildet, welche in iner schwach lichtbrechenden homogenen Masse
so eingebettet ind, dass jedes Kornchen von seinen achbarn ganz
g trennt sei.
Das Bild, das ich in meiner Figur 6 a (Tiibinger Arb iten Bd. II
Taf. I) von den Inhaltskorpern gebe, und wo Hyphen dargestellt
sind, soil demnach insofern unrichtig sein als es »unter dem Einfluss
anticipirter Deutungc Hyph n enthalt, wo nur eine »faserige tructurc
vorhanden sei. E soli - im Gegensatz zu der Fig. 3 Frank's
(»Berichte« Taf. IV) - keine fotografische Copie sein, sondem nur
den G sammt indruck des Zellinhaltes darstellen. Es ist auch ganz
richtig, dass mein Abbildung kein fotografische Copie ist; eine
01 he nach m inen damaligen Praparaten zu machen war ganl. und
gar unln" glich, w il di ang w ndet n Prap~rationsmethoden (be-
sond rs Aufhcll n durch kochende HCl) sehr starke Vergr"sserungen
nothwendig macht n, die ja das Bild sehr dunkel und sehr wenig
distin t rs h inen la en. Jeh mochte aber glauben dasselbe gilt
v n d n Bildern Frank, di bei 1890-maliger Vergro serung ge-
l. i hn t sind, soweit man aus dem Text sehen kann, ohne irgend
in vorausg gang n Behandlung.
Um bes r Bild r l.u erhalt n und a die, wie es scheint sehr
v rwick (te, tructurfrage zu ents heiden, war es n"thig bessere Pra·
parationsmethoden anl.uwenden. Die besten R ultate hab ich er-
•
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halten, wenn ieh sehr dtinne Sehnitte zuerst mit Eat4 de Javelle b -
handelte, dann in Chromsaure oder Chrom-Osmium-J<::SSigsalir brachte,
mit BorCLxmethylenblau farbte und in Wasser oder Glycerin unt r-
suchte. Statt Boraxmethylen und Alkoholentfcirbung habe ich auch
mit ganz gutem Erfolge Ehrlich's Hamatoxylin und Alaunentfcirbung
gebraucht. Auch nach der Farbung mit Methylen kann man ohne
Schaden emeute Aufhellung anwenden. Die Bilder, die man so erhalt,
sind sehr schon und deutlich I), besonders was das hier behandelte ta-
lium betrifft, und lassen schon bei schwacherVergrosserung (Zeis ,Apo-
chromat-Obj. 2.0 mm., Compo Oc. 4) eine sehr deutliche Hyphenstru tur
erkennen. Eine soweit wie moglich fotografisch genau Wiedergabe
eines in der beschriebenen Weise behandelten Zellinhalte i t in der
Taf. II Fig. 5 abgebildet. Schon das Aussehen des Z IIinhaltes a
dlirfte geeignet sein jeclen Zweifel an dem Vorhandensein eines
wirklichen Fadenknauels in den fraglichen Zellen zu beseitigen. Und
womoglich noch deutlicher ist die Fadennatur der Gebilde 27, welche
den Zellinhalt a mit clem Inhalte der benachbarten Zelle b verbindet,
50wie auch der losgerissenen Theile bei y. Bilder, wie das hier
reproducirte, sieht man in sehr vielen Zellen des Scheitelm ri terns
der Alftus-anschwellungen. Ich glaube nicht, dass man ohne Versuche
die das Gegentheil beweisen, irgend eine andere Deutung dieser
Fadenknauel wie diejenige als Hyphen geben kann, so sehr es mich
auch interessiren wlirde, wenn meine Ansicht liber die Natllr der
Legllminosenknollchen auch auf andere Anschwellllngen ausgedehnt
werden konnte.
Ware die Deutung Franks richtig, wurde man durch Farbllng
ganz andre Bilder erhalten mlissen wie die in Fig. 5 wiedergeg b nen.
Entweder musste sich die stark lichtbrechende ubstanz - die
Kammerwande - oder die schwach lichtbrechende - der Kam-
merinhalt - farben. 1m letzteren Faile wtirde man an gefarbt n Pra-
paraten wie die meinigen ganz deutlich di Begrenzung d r gefarbten
Kammern sehen mtissen und ein Bild erhalten ungefcihr wie Figur
4 Taf. n wo wir es wirklich mit isolirten Korpern zu thun haben
die in einer ungefarbten Masse eingebettet sind, die aber all rdings
1) Ein kleiner Koiff machte mir sie noch deutlicher, niimlich die Beleuchtung
tier blaugeni~bten Priiparate durch Licht das eine Schusterkugel mil rothgcfiirblem
Wasser passirt hatte.
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wohl weniger langgestreekt sind wie die von Frank angenommenen
Kammern. Die Bilder Fig. 5 sind, wenn man den Kammerinhalt
als gefarbt annimmt, ganz unerkHirbar l ). Besser liesse sieh meine
BiLder mit denjenigen Frank's in Uebereinsstimmung bringen wenn
man die K a m mer wan d e (:t del' Sehwamm c) als den gefarbten
Theil cler Inhaltskarper voraussetzt. Frank's (Figur 3) wiirde, wenn
man sich die weissgehaltenen Parthien gefarbt vorstellt, meiner
Fig. 5 nicht so sehr unahnlich sein. Ein stark gefarbter schwamm-
ahnlieher Karper wiirde aber erstens niemals das Zustandekommen
derartiger Bilder erlauben. Ein wi r k I ic her Durehsehnitt dureh einen
gefarbten Schwamm wiirde so aussehenl kannen wie F ran k's
Fig. 3; ein 0 p tis c her Durchsehnitt aber nie, indem die sich nach
oben und unten fortsetzenden gefarbten Kammerwande, in Ver-
bindung mit der ohnehin grossen Undurchsichtigkeit eines solchen
Gebildes, es verh.indern wtirden, dass die breiten Scheidewande als
distincte Faden erscheinen kannten. An ungefarbten Praparaten, wo
die Unterscheidung del' Theile al)ein auf das verschiedene Licht-
brechungsvermagen basirt ist, kann dagegen sehr gut ein wirklicher
Knauel in allen Richtungen durcheinander geschobener Hyphen
oder Faden optische Durchschnitte hervorbringen, wie die erwahnte
Abbildung Frank's sie wiedergiebt. Zweitens kannten die Wande
eines porasen Schwammes niemals Fortsatze wie die bei x gezeich.
n ten bild n.
Hinzufligen will ich, dass es mil' nicht klar geworden ist, wie
die Figuren 3 und 5 (Frank 1. c.) dieselben Gebilde darstellen kannen.
In dem einen Bilde sehen wir begrenzte Kammern; in dem anderen
ins unendliche sich fortsetzende verzweigte Kanalchen. .
Was da sog nannte Blasch nstadium betrifft, so stimmt mil'
Frank in del' Ansicht bei, da s die Blaschen nul' an del' Oberflache
d I' Inhaltskarper nt then. Nur meint er, sie bilden nicht immer
in inzige ob rflachliche 'chieht, wie ich es wiU, sondern liegen
oft unt r und lib I' inander. Dies ist eine sehr unwesentl.iche Frage
1) N[\ch Frank entstehen die m:ischen durch Erweiterung der Kammern; der
Inh[\lt cler K[\mmern sci also mit dem Inh[\\t der Bliischen identisch.. Nun farbl
sich der BI~schenillhlllt llIeisten stark (bi die BHichen enlleert werden). Oer ge-
fiirbte Theil wUrde dennach in der That den Kammer in hall entsprechen.
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und wenn ich »eine einzige Schicht« betonte. ware wesentlich als
Gegensatz zu der friiheren Ansicht, dass die Bliischen die g an ze
Masse der Inhaltskorper ausmachten. Dass die B1aschen bisweilen
etwas durcheinander geschoben sind und nicht mit mathematischer
Genauigkeit nur die Oberflache einnehmen, i t ja bei organischen
Gebilden ohnehin \clar. Fur das Verstandni d r Entstehun \V i e
der Bliischen ist es auch ganz gleichgultig ob ie ine chi ht au -
machen oder mehrere, wenn man nur das fe thalt, wortiber Einigk it
herrscbt, dass die innere Masse der Inhaltsk"rper sich nicht in Bla-
schen differenziert.
Nach der Meinung Frank's entstehen die Bla chen dur h An·
schwellung der nach Aussen gerichteteten Enden d r au hwach
lichtbrechender ubstanz gebildeten Kammern oder Kanalchen.
Es bilden sich »Anhaufung n neugebildeter protopla mati ch r
Eiweissubstanz in spharisch ausgeweit t n Hohlraumen d s urspriing-
lichen porosen Protoplasmakorpers. Da den Au. weitungen nach
aussen hin der geringste Wider. tand entgeg ng etzt wird, 0 r-
kHiren sich die Hervorragungen der Blasen an der berflache d
Korpers, der dadurch traubige Ausseh n erhalt.«
Dieser Erklarung fur die Entstehungsweise der Bla chen i t
schon durch die oben wiederg benen B obachtungen, wOllach ub r·
haupt kein schwammartiger Korper in den jung ten Z lien \ orhanden
ist, der Boden ntzogen. Da es aber nach den bi herigen Erfahr-
ungen sehr chwer seheint zwei Beobachter dazu zu bringen, dass
sie in den Inhaltskorpern dasselbe s hen, mochte ich auch das
Bliisehenstadium herbeiziehen um noch weitere Grunde fur mein
Deutung anzubringen.
Das wichtigste i t dabei selbstverstandlieh, \ as man dir kt
sieht; und was ieh, an den in oben beschriebener Wei e darg stellten
Praparaten gesehen habe, ist daher in d r Tafel II Fig. und 7
so fotografisch genau wie moglieh darg stellt. Dass man, wo e
sich um so feine Faden wie di se handelt, nieht genau seh n kann
wie ein bestimmt r Faden dann uber, dann unter einen kr uzend n
Faden verHiuft, ist ja ohnehin klar. Mit dieser Au nahm g ben ab r di
Zeichnungen nur das wieder was man wirklich si ht und sind ent-
schieden nieht aus irgend einer anticipirten D utllng hervorg gangen.
Die citirten Zeichnungen mogen auch dazu dien n sieherzustellen,
dass das BHischenstadium aueh wirklich aus d m jung ten ~Knaue1­
stadiumc hervorgegangen ist, wenn jemand dieses bezweifeln soUte.
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Aus ganz denselben GrUnden, die oben dargelegt wurden, kann das
Innere des Zellinhaltes auch im Blaschenstadium in keiner anderen
Weise wie als ein Fadengewirr aufgefasst werden.
Dementsprechend konnen auch die Blaschen, die an der Ober-
f1ache d r Fadenknauel sitzen, durchaus nur wie als Anschwellungen
von Faden verstanden werden, wobei es allerdings unentschieden
bleibt ob sie an den Faden end en oder an dem dazwischenliegenden
Theile der Faden entstehen.
Auch von dem direkt sichtbaren Vorhandensein der Hyphen
oder Fadenknauel in d m Zellinhalte abgesehen, ist die Erklarung
F ran k s von c1er Entstehungsweise der Blaschen unzutreffend.
Erstens ist weder von Frank noch von Moeller, dessen
Deutung des Blaschenstadiums mehrere Bertihrungspunkte mit der-
jenig n F ran k s hat, eine Erklarung gegeben worden wie es zu-
geht, dass losgerissene Bla chen sehr haufig wenn nicht ganz regel-
massig mit je einem fadigen Anhangsel versehen sind. Ueberhaupt
aus den oberfHichlichen Poren eines dass Schwammes gebildeten BIas-
hen, die also doch unt r d r Oberflache liegen, sich durch blosses
Quetschen als runde Hohlkugeln lostrennen konnen, ist es entschieden
unb greiflich, und noch unbegreiAicher ist es, wie diese Hohlkugeln
nach ihr r Loslosung noch daw je ein fadenformiges, ort sehr langes
Anhangs I b sitzen kannen (efr. TUbinger Arb. Bd. II Tar. IV
Fig. 2 a). Denn davon kann sich ein jeder ub rzeugen, dass die
gros e M hrzahl c1er losgelo ten Blaschen nicht mehr wie ein An-
hang Ibesitzt; zwei magen vorkommen, sind aber jedenfalls selten, und
m hr wie zwei hat auch Frank nicht abgebildet, trotzdem dass drei,
vier und flinf deutlich Anhangsel ein starkes Argument flir seine
Theorie abgeb n wUtd n; \ ahrend zw i sich leicht dadurch erklaren
la n, da s die Bla hen, w nig ten bisweilen, an d m mittleren
Th ile inc Fad n ent then k··nnen.
Dj AbdrUcke od r Re te benachbarter Kammern, die Frank
an der 81'" h nob rfIa h g h n hat {I. c. Fig. 9 konnen in dieser
8 zi hung k in w g' deutliche nhang el vertr ten, indem ie-
w nn i ni ht tiber di Kug lob rfIach hinausragen - allzu leicht
mit d n Inhalt k"rpern d r 8r' chen (TUbinger. Arb. tc. Fig. 9) ver-
whit werden k"nnen.
nn da Bfa chen tadium 0 gebaut sei wie Frank meint, wtirde
e zUllach t mit inem aus ganz kleiner. Zellen (die Kammern) ge-
bild ten Korp r zu rgl i hen in, deren andung aus ver-
haltni massig ehr gro en Zellen (di Bla chen) aurg baut sei.
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Es wiirde niemand einfallen amunehmen, dass solche \\ andungs-
zellen sich so leicht von einander loslosen konnten, dass blo se u t-
chen geniige urn die vollstandige Isolirung zu b wirk n, da ie
nach der Trennung kugclrund seien, und dass sie, wenigstens al
Regel, je nur ein Anhangsel und zwar ein tiberall gl ichmassig dickes
trtigen. Ebenso unbegreiflich ware es aber, wie s zugehen k 'nnte
das die sphanschen V andporen Franks die erwahnten Eig n haft n
zeigen soUten. Dass sie nach ihm keine wirklichen Z 11 n eien on-
dem eiweisserftillte Poren in einer stark lichtbrechenden ub ·tanz
(Plasma~) wlirde die ache in k inerki i e erklarlich r mach n.
denn warum soliten sich die homogenen Kamm n and in d r
1itte spalten (
U bergange zwischen dem jiingsten und dem B1a chen tadium
findet man (besonders im Mai) sehr leicht. Die Bla chen ind in
diesen tadien verschieden gross, bisw ilen ganz klein, on t ist
aile unverandert. In dem jiing ten tadium owie au h in den
Zwischenstadium farben sich di Faden ehr intens mit nilinfarben
und Hamatoxylin. In dem fertigen B1asch n tadillm ist mir
dagegen nicht gelungen sehr starke Farbung hervorzllruf, n; di ich
farbende ubstanz scheint in die Blaschen eingewand rt ZlI in,
aus denen sie spater wi der ntleert wird ind m di Bla ch n zu am-
m~nfallen und die desorgani irten Ma en ich bilden werd n, di ich
schon fruher beschrieben habe.
Ausser diesen zu einer Entwick lung reihe ZlIsamm nhang nel n
Gebilden. welche also wenig tens vorlaufig noch zu d r para itisch oder
ymbiotisch lebenden PilzgattungFrankiageflihrt werden mii en, finel n
sich in den Anschwellungen auch and re rgani men v r. ahr nd
aber Frankia ein konstanter Be tandtheil der Ansehw llllng n ist
und daher in ursachlichem ZlI amm nhange mit denselben teht, sind
die andert>n Organism n nur zufallig und ziemlich selt n zu finden.
Erstens ind mir manchmal ganz tarke dickwandig Pilzhyph n
begegnet, die von der Rinde au ins Inner der An hw llllng n
eindringen, die aber kein w iter sInter s e elarbiet n.
Zweitens kommt aber bisweilen - ich glallbe, ieh hab ihn
zweimal gefunden - der in Fig. 4 abg bildete rganismu In
den Zellen der Anschwellungen vor. Di Zellen sind von inem
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clicken Schleime ausgefiillt, in welchem kleine, etwas eckige Komer
so einbebettet sind, dass sie ganz getrennt liegen. Die Komer farben
sich einigermaassen leicht, der Schleim dagegen bleibt mei tens unge-
flirbt und ist ziemlich stark liehtbreehend. Dieser Organismus scheint
aueh deshalb mit der Frankia in keinem Zusammenhange zu stehen, weil
er ohn Unterschied in Anschwellungszel1en der versehiedensten Alters-
stadien vorkommt. Der gro1Jgekornte ehleim ist in einigen Anschwel-
lungen sowohl in den jungsten Zellen wie in den altesten vorhan-
den; in anderen ist er auf oen alteren Theil beschrankt; bisweilen
findet er sieh in Zellen die die Frankia einsehliessen, bisweilen in
solchen mit dem gewohnliehen Inhalte.
Was die Entwickelung dieses Organismus betrifft, weiss ieh von
derselben so gut wie niehts, und ich erwahne denselben nur urn
andere, die sie vielleieht untersuehen wollen, auf denselben aufmerk-
sam zu maehen. Das tadium, wo der Sehleim mit den gleichmas-
sig v rtheilten Korn rn die ganze Wirthzelle ausftil1t seheint aus einem
anderen hervorzugehen, wo der Schleim noeh nicht vorhanden ist
und wo di Korner deshalb, dieht an einander gedrangt, ganz un·
regelmassig gefonnte Klumpen darstellen (Taf. II Fig. 3), welche
di Wirthzel1 n nieht ausftil1en.
Aehnliehe Gebilde habe ieh aueh bisweilen in Leguminosen·
knbllehen g s hen, und viel1eieht haben wir es mit einem verbreiteten
Wurz Iparasit n zu thun, der wohl zu den niedrigst organisierten
Pilz n (od r Thieren?) gehort.
eb rhaupt durften die unterirdisehen Theile der Pflanzen clem
Myeologcn, cler sieh mit so kleinen Organismen wie cler F1'ankia,
welche ieh mit unseren jetzigen Mikro kope eben noeh unter uchen
la sen, b cha.ftig n will, ein gros s unbearbeitete Feld darbieten.
Das gr"s t Intere se, clas sich meiner Ansicht naeh an Frankia
knilpft ist ben, da sie ein alleinst h nder Reprasentant einer Gruppe
»d r klein ten Hyphen·Pilz « i t. Wahrscheinlich hat sie viele Ver·
wandt , wenn man . i erst auffinden kann.
Anhangs\ ei e mag rwahnt sein, dass ieh bei Myrica Gale
'vVurz Ian hw Hung n gefunden habe, welche mit denjenig n von
Alnt~s und d II Eliiag1wceen ganz uberein timmen. W nigsten in
drUm g nd \ on B rg n cheinen di e An ehwellungen ebenso
kon tant vorzukummen wi diej nigen von Alnus.
Einige Myrica-anschwellungen sind 111 den Figuren lund 2
Taf. II in natlirlicher Grosse abgebildet. \i\'ie man sieht sind sie
nur dadurch von denen von -Alnus und den EUjU!l'IUCee'J versehieden,
dass sie an den Seheiteln mit ausgebildeten Wurzeln vel' ehen sind.
Der anatomisehe Bau ist nieht wesentlieh von dem Bau der eben
genannten Ansehwellungen versehieden und zu der Jahreszeit, wo
ieh dense1ben untersuchen konnte, stimmen auch die Inhaltskorper mit
dem, was ieh oben fur Alnus besehrieben habe, ganz tiber in.
Ganz analoge 'vVurzelanschwellungen sind also jetzt bei den vier
versehiedenen Gattungen Altms, Elllagmls, Hippophae und Myrica
aufgefunden.
ABe diese drei Gattungen stehen im Systeme ziemlieh weit von
einander entfernt, besonders sind die Elaagnaceen von den beiden
anderen Gattungen sehr versehieden, wahrend ja Myrica meistens
als mit den Jtlglandaceen nahe verwandt angesehen wird und somit
aueh den Betu,laceen nieht so sehr fern steht, Aueh Myrica wiI'd
doeh meistens in einer anderen »Familie« wie Alnus gec;tellt.
Eines del' sUirksten Argumente flir die Auffassung del' Lcgumi-
nosen-knollehen als normale Gebilde ist, dass dieselben innerhalb
del' Familie del' Legtlminosen so ausserordentlieh verbreitet sind,
ausserhalb derselben abel' gar nieht vorkommen,
Sie finden sieh bei krautartigen Leguminosen sowohl wie b i
Baumen; bei Arten, die troekene tandorte bewohnen sowohl wie
bei Wasserpflanzen - ausserhalb diesel' grosser Familie sind Wur-
zelknollen, welche die, trotz manehen Versehiedenheiten doeh in
ihren Hauptmerkmalen sehr i.ibereinstimmenden, Baeteroiden flihren
niemals gefLlnden worden, I)
Flir diese Thatsaehe giebt die bisherige Deutung c1er Leguminosen-
knolJchen keine Erklarung, wahrend sie naeh meiner Theori leieht
verstandlieh ist.
Dieses sehr wiehtige Argument gegen die parasitare Natur c1er
Gebilde fehlt bei qenjenigen Knollen, we1che den Wurzelansehwel-
lungen von Alnus analog sind, Aueh die Anschwellungen del' oben
genannten Pflanzengattungen 2) sti mmen untereinancler in allen sieht-
I) Cfr, meine obcn citirte Arbeit Uber den Legumino,qen-knollchcn,
.) Die AnschweJlung-en von Myrica kenne ich noch nicht das g-an1.e Jahr
durch so eingehend, dass ich mich tiber denselben mit aller Bestimmthcit nusspre-
chen darf. Das ist doch von geringer Bedeutung weil die systemntische Vcrschic-
denheit gerade l.wischen den beiden Familien der Betulaceen und Etliagnaceen,
deren Wurzelanschwellungen eingehend studirt sind, "m grosslcn is!.
baren Merkmalen so sehr tiberein, dass man nieht bezweifeln kann
dass sie aueh wer atur und ihrer etwaigen physiologisehen Func-
tion naeh analog sind. Diese Wurze1anshwellungen finden sieh aber
nieht etwa bei nahe verwandten Gattungen, sondem bei vereinzelten
Reprasentanten aus gaoz versehiedenen Familien und Ordnungen.
Dieses Argument ist, bis Versuehe vorliegen, von nieht zu unter-
schatzender Bedeutung und ist von F ra n k gar nieht beriieksiehtigt
worden.
Wenn Versuehe vorliegen, die das eine oder das andere tiber
die atur der hier diseutirten Gebilde be wei sen tritt dieses Argu-
ment, sowie aueh die anderen die ieh fur die Auffassung der
Ansehwellungen alz Pilzgallen angefuhrt habe, in den Hintergrund.
Was sieh aber nieht dureh Versuehe beeinflussen lasst i~t die Auf-
fassung der truetur der Inhaltsgebilde. Zur Kenntniss dieser
Structur beizutragen war der Hauptzweek vorliegender Arbeit.
FigurenerkHirung.
Tnf. II.
Fig. I U. 2. Wurzelanschwellungen \'on Myrica Gale in nati.irlicher
Grosse.
» 3 u. 4· Eigenthumlieher Organismu, del' sich biswcilen in
den W urzelansehwellungen von Alnus vorfindet (1000 mal
vergrossert).
5· Hyphenknauel del' Ft'ankia in den jungsten Zellen del'
Ansehwellungen von Alm/s. (1000 mal vergrossert).
6 u. 7. BHischenstadium des F\rankia all den alteren Z·lIen
del' Anschwellungen von Alnus. (1000 mal vergrus crt).
(Die rnikroskopischen Bilder sind s~immtlich mit Oelirnm. 1/18
oe. 2 (Zeiss) und Camera entworfen und mit dem Apoehromat-



















Generalforsamlingcn 21de April 1l;87.
Bergens Museums
historisk-antikvariske Samlingers Foregelse 1886.
1886 har for den hist.-antikv. Afdeling veer t et godt Midd I -
aar. Blandt de til Oldsamlingen indkomne Fund er flere af stor
Interesse, ligesom de forskjellige Underafdelinger har havt en jeevn
Fon!lgelse.
I en Henseende forandrer imidlertid de historisk-antikvarisk
Samlingers Aarstilveext mere og mere Karakter: Antal1et af Gaver
bliver stadig mindre. neesten alt maa kj0bes, og Priserne stiger m d
den voxende Efter p0rgsel.
Det har derfor veeret seerdele beleiligt, at Bergen amlag ved
Bevilgning til Indkj0b af national-ethnografisk Gjenstande har kun-
net hjeelpe lidt paa Afdelingens Budget. der eller und r neervcerend
Forhold vilde have vist sig altfor knapt.
Ved Samlingernes stadige For0gelse er imidl rtid de gaml
Udstillingsskabe forlcengst blevne utilstrcekkelige. Ved mere hensigts-
meessige Montrer vilde desuden flere Dele af amling n kunne
komme ganske anderledes til sin Ret og til Nytte end for mervee-
rende er Tilfcelde, men uder. extraordineer Bevilgning vii Afcleling n
neppe finde Midler til Anskaffelse af det n0dvendige nye Inventarium.
om eedvanligt vii her i Beretningen blive seerskilt neevnt en-
kelte af Aarstilveextens sjeldneste tykker og meerk ligst Fund.
Fra Stenalderen: et ualmindelig stort Flintreclskab fundet i en
Myr paa Rl1lrvik ved Aalesund, grovt tilhugget i Halvmaaneform;
Bestemmelsen ukjendt. I danske og sydsvenske Landskaber fore-
kommer ]ignende store og tunge Flintredskaber hyppigt, men her i
Landet kjencies kun et Par Stykker fra Smaalenen , og i Museets
Samting har Typen hidtil ikke veeret representeret.
17*
- 2;2 -
f ra Lensmand Lem i ogndal er indkommet en uf:erdig ~ten0X.
Stenhuggeren har givet Emnet den ydre Form og derefter begyndt
paa kafthullet, sandsynligvis med et Dyreben som Cylinderbor i en
I riJ. Imidlertid er han kun naaet omtrent halvveis, og Midttappen
siddcr endnu i Skafthullet.
Fra Ullensvang er indkj0bt en af de eiendommelige Kvarts-
blokke med dybe blankslidte Furer, der antages fremkomne ved
SJibning £If tenredskaber. (efr. Urda I. 8 ).
Blandt Mus ets Stenred kab r er et Par velformede 0xer af
Mandelporfyr. Et smukt Exemplar af samme Sort blev ifjor fundet
paa Finn st igen paa Vos. Skafthullets Tv:ersnit er i den ene
End (paa Bagsiden) omtrent dobbelt saa stort som i den anden.
0xens Tv:ersnit r forresten eegformet med glatsleben Overflade.
Endvidere kan fremh:eves en smuk Flintekniv fra Lister, og fra
Jeederen, 'tenalderens Hovedbygd i det vestenfjeldske, er som seed-
vanligt erhvervet mange gode og karakteristiske Gjenstande.
Det st0rste samlede Fund tilh0rer den eeldre Jernalders Slut-
ning og blev opdaget i en for Museets Regning unders0gt stor
Gravhaug paa Gaarden \ emmestad i Lyngdal. Unders0gelsen le-
d des £If Hr. 'kolebe tyrer Sal\" sen i Farsund. Omtrent midt i
Haugen fandtes et af tugtede Heller omhyggeligt bygget vel tre
Met r langt Gravkammer, hvis Tag, Hjmner og Gulvl var t:ettet
med CEver. Ov r Graven Bund ha\"de va:ret udbredt en Bj0rnehud,
og paa denne var den d0de Kriger bleven lagt sand ynligvis fuldt
paakleeclt og m dine bedste Vaaben. 1\u var kun enkelte Del'
af 'kclettet tilbage, og £If Kla:derne va:sentlig kun de maastykker,
cler havcle ligget i umicldelbar Ber0relse med Metal. Hovedet vendte
mod Nord, liges m Gr;:m~ns L:engder tning var fra ord til Syd.
Paa hv r ide £If Hovedet V;Ir tillet et Tra:spand sandsynligvi med
rikkevar r. I d t en> pand var tillige nedsat et h0it Gla ba:ger,
SOI11, Ja Tr;:ekarr t sener falclt fra hveranclre, kom til at va:lte ind
mo I 'kcl'ttet, saalecles at det nu 1£1£1 med Mundingen over Hals-
hvirvl·r11. Af begge Trrekar kun Ie forresten tore 't) kker optages,
tildels m d fa tsidclende Foring kit, tyclelige Bunclnagler og runde
Kia Id r £If Tc.etningsmas e. B<eger t r aldeles ubeskadiget af gmnt
. las m d udenpaalagt Traade og en liclen kiv formet Fod. Om-
I-ring Livet har Krigeren ha\"t et smalt Belte af La:der, der med
H n yn til 'pa:ndegrc.i , Be lag og Udstyr har meget tilfa:lIes med
t uti I Lappebelte. I male Lrederremm har ha:ngt forskjellige
maar'cl kaber, aa::lm en Sr n epincet og den h r afbildede Kam
, Fig, I, £1-). Gjennern hele Jernalcleren synes det at have
vceret en almindelig Skik at medgi\'e den dade en Kam, ente det
nu var den, hvormed Ligets Haar og ~kj;e17 for sid te Gang \ ar
ordnet eller til Brug i det andet Liv. ~eh blandt brcendte Ben
savnes Kamstykker sjelden. Det her fundne Exemplar u Im.erker
sig imidlertid \ ed at \ cere fuldstcendigt og i cer ved den Maade,
hvorpaa det har vceret baaret. Kammen seh er af Ben og af den
oprindelig romerske Form med pyramideformet Ryg. Tind rn ere
forholdsvis lange og har veeret beskyttede af et baandformet Futteral
af Bronceblik, der har hcengt i tre Beereremme. Kammen selv sy-
nes at have vceret fastholdt alene den'eel. at den en BeerC'rem har
veeret stukket igjennem en paa Kammens R) g anbragt kraftig
Broncering og derefter fee tet i en liden Skeele, der gaar tveers 0 er
Futtaalets ene Langside. En lignende Anordning- vide ikke tid-
ligere at veere iagttaget her i Landet, derimod er »Kamme heen-
gende veel Bceltet. ofte bemeerket i lellemeuropa Grave fra M -
rovingertiden, ligesom d r i Lindenschmits Handbu h I. 314 r
afbilelet en i Belgien fundet Kam fra samme Tid med 'kede, Ringe
og Hemme veesentlig af samme Indretning som paa det her b-
skreme Exemplar.
Den hauglagtes Vaab nudrustning har bestaaet af Sveerd. to 'pyd,
0x, Kniv og Skjold. Desveerre ere aile Jernsager saa oplo te af
Rust, at alene deres Konturlinier nogenlunde kan bestemme '. Sv<er-
det har havt tveeegget Klinge og forsir t Treebalg, men hv rk n paa
Balgen eller Haandtaget vi 'er sig Spor af Metalb 'lag, Af pyd-
spidserne har som seedvanlig den ene havt Modhager og den an len
fireeegget Blad. Skjoldet synes at have veeret op till t mod Graven
s0ndre Gavlsten og 0xeblad t har veer t inclhyllet i T0i,
Langs Kammerets 0stlige Langvceg fandtes forskjelligt kvindeligt
Gravudstyr, der giver sikker Anvisning paa. at der i dette Kammer
samtidigt med Krigeren og aa er bleven begravet en Kind. Hun
har v~ret tarveligt udstyret: af Red kaber har hun kun faa t med
en Sax og en Haandten. men af Prydelser en smuk Guldring (Fig. 3),
ligesom der ved hendes Hoved var bl yen nedsat to Urner af L r.
Fundet byder mange og meerkelige veren 5t mm Is r m d
den indholdsrige Grav paa 0ftshus i Fj Iber (B. M. o. 3731), hvor
cler ligeledes tydeligvis var begravet baade en Mand og Kvind. I
begge savne5 de for denne Tid eiendommelig store Pragt5pccn-
der. r de TilfeeJder, hvor Gravkammere kan 5 s at veere opf0rte
5cerskilt for et KvindeJig, pleier imidlertid disse mykker sjelden
at mangle. Deraf t0r maaske sluttes, at saadanne 'peender va:sent-
lig har v;:eret baarne af fornemme Kvinder, og at i de to foran-
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ncevnte Tilfcelder den sam men med Krigeren begravede Kvinde kun
har vceret en Slavinde eller Tjenestekvinde, der maaske endag ufri-
vilIigt har maattet f01ge sin Herre i D0den. Ogsaa i det stare
Gravkammer paa Trygsland i Bjelland, der aabnedes i 1821, saaes
ta Lig, »et start ag et mindre ved F0ddeme af det st0rre«. De
mange kastbare Smykker ag Tl2lglehanken beviser, at Havedpersa-
nen i denne Grav var en Husfrue, men det andet Lig kan maaske
agsaa i dette Tilf;elde farklares paa samme Maade sam i Mands-
gravene. I ethvert Fald er det ikke g-adt at farstaa, enten man
halder sig til Fundets egen Beskaffenhed eller til Fundberetningeme,
hvarfor eller hvorledes Dr. Undset i sin Forklaring og Unders0gelse
af Fundet (se norske Oldsager i fremmede Museer S. 8) har faaet
det iendommelige eneggede Svcerd ind blandt det farresten saa
udprceg t kvindeJige Gravgods.
Paa Sj0tun i Vik i ogn opdagedes en af de i Indberetningen
far 1884 beskrevne celdre ]ernalders Krigergrave med brcendt Lig
og Vaab n af de fra Mosefundene velkjendte Typer. Graven val'
n Jav R0S uden Kamm r. Midt paa Bunden laa en Skjoldbule
dcekkend over to pydspidser, en med Modhager og en med kort
bredt BIad med oph0iet Midtrand.
Et m re storartet Gravminde var R0sen paa Fondana:sset i
Lindaas. Af svcere trand tene var her opf0rt en mcegtig Rundhaug-,
hvor mange i Aar nes L0b skal have fars0gt sine Krcefter ag sin
Lyk~e. Men 'katten vilde ikke lade sig linde, og ovenfra val' det
ugj0rligt at komme tilbunds i Haug n. Far nogle Aar siden kom
imidlertid unge Folk paa Gaarden, og fra den Tid blev Arbeidet
dr v t m d st0rre Kraft og efter bedr Plan. 1\'og t i NV for
lidt n traf man endelig- id t ommer paa en Helle ag under
d nn paa et lid t firesid t Gravkammer, hvari tod - en tom
Kobb rkjed 1. »Idetmind te val' d I' ikke noget andet end lidt Rusk
i I n.« Kj d len har forre ten holdt ig godt og h0rer til den
Idre J maider seedvanlige vestlandske Type, der antage indf0rt
fra ord C:J n sydJig Ky tland. amme Farm og samme Indhold
havd g aa nand n Kj del, d I' omtrent samtidigt indkom fra
'n tor Rundhaug neer Tonstad Kirke i iredalen. Her havde far-
r st n <"Ie i Kjedel n gjemt br:£ndt maab n \':£ret indhyllede i
et 'tykk Filt eller grovt Vadmel, der endnu er tilstede.
Dc. va:rr avne d n rm I' plysninger om et til varende Fund
fra d motland i a:rbo paa J deren. Her blev ved tilfceldig Gravning
i en Haug paatruffi t en L rum med breendte Ben, blandt h\'ilke fandte
Rer Brud t)'kkt:r af n forsir t Benkam og desuden det her afbil-
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dede Benredskab med lang og tydelig Indskrift af ~ldre Runer s
Fig. 2). Runetegnene er indridsede med en skarp Kniv od i to
R~kker mellem paralelle Linier. Nogle ere skrevne med dobbelt,
andre med enkelt Streg, og uagtet Spidsen mangler, er heldigvis
lndskriftens begge Linier fuldst~ndige og afslutte med et indridset
Ornament.
Ligesom hver nyfunden Runeindskrift har sin store sproglige
Betydning, saaledes gj~lder dette i ~r, n3ar Indskriften er klar og
sikker som i det foreliggende Tilf~lde.
I en Torvmose i Skaane bIev i 1840 fundet en m get lignend
Bengjenstand. der er afbildet og beskrevet i Profes or Stephens's
store Runev~rk I. Pag. 219. Denne Gjenstand henf0res til Tiden
mellem Aar 600 og 700. Samme Alder men vel ogsaa et Aarhun-
drede mere vilde man hos os med Rimelighed kunne till~gge n
Urnebegravelse som den, hvori Runestykket fandtes, id t den tyde-
Iigvis har h0rt til samme Tid og Klasse som de v tland ke Kj del-
fund. Indskriften paa Runestykket fra Skaane har modtaget meg t
forskjellig Tolkning. Den nyfundne viser mange Overensstemm Is r,
endog i Runernes Skrivemaade, men trods Tegn nes Tydelighed
byder nok Udtydningen store Vanskeligheder. Hr. Prof. ophus
Bugge har godhedsfuldt meddelt f01gende. forel0bige B mcerkning r:
~Jeg antager, at Indskriften ikke indeholder Ord skrevne ligefr m.
og at den 'land. der har indridset Indskriften ik k e har ved de
indridsede Tegn villet udtrykke Ord med be temt sproglig B tyd-
ning. Hvorvidt disse Runer ligesom Runerne paa den ene id af
~Benormen« fra Skaane har magisk Betydning. t0r j g ikke sige med
Bestemthed, men det forekommer mig ikke at v~re usand ynligt.
De to Siders Indskrifter ere indbyrdes aabenbart besl~gtede, navnlig
viser dette sig ved Indskrifternes Begyndelse og Slutning.«
aar undtages Guldbrakteaterne er Benstykket den f0rste og
eneste Oldsag med Runeindskrjft i hele Museets hedenske 01 Isamling.
Den her gjengivne Afbildning er udf0rt i Kj0benhavn for nceste
Bind af Professor Stephens's Runevcerk, m n vii ogsaa IJlive publi-
ceret i Foreningen til norske Fortid mindesmcerker' Bevarings Aars-
beretning for 1886.
Som Pmve paa Oldtidens Kunstfcerdighed fortjcner det her
afbildede Svcerdhefte s~rlig af fremh~ves. Det tilholW vistnok n
fra Vikingetiden velkjendt Type, men Iigesom b3;ld> Hjalt og
Knap er lcengere end s~dvanligt, saaledes udmcerker dette 'tykke
sig ved rig Udsmykning og ved kraftige snoede Solvtr3ad.
Mange har i disse s01vprydede Hjalt villet se sikre Pro\' r paa
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scrrlig nordisk Kunst og nordisk Ornamentik, men efter al Sand-



















Vikingetidcns bedste Klinger. I Thorbjorn Hornkloves Kvad am
Harald Haarfagres Hird heder det om Kongens Skjalde: )paa deres
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Udrustning man ser, at de ere vel kjendte af Kongen; de har fagre
s 01 v v u n d n e Svcerdc. Det her beskrevne er fundet paa Rosseb0
ved Haugesund, altsaa i den samme Egn, hvor Harald i sine sidste
Aar fortrinsvis opholdt sig, og er efter al andsynlighed et fra
Vesterviking hjembragt Vaaben.
Af Klingen er ncestell intet tilbage. Den var ganske oplest af
Rust og gik stra..x i mange Stykker. Ogsaa Hjaltene var dengang
en eneste Rustklump, kun paa et enkelt Punkt kunde 01vtraadene
delvis skimtes. F0rst ved en forsigtig Rensning Iykkedes det at
bringe den oprindelige Herlighed atter for Ly et, men da Hjaltet
helt igjennem er svagt, tilb0ieligt til at sprcekke og skalle af, kan
det vcere usikkert, hvor lcenge det vii holde sammen, hvorfor det
her paa bedste Maade er ble\ en bevaret ved Afbildning i fuld
St0rrelse.
Svcerdet havde vceret nedlagt i Balg sam men med 1I b r ce n d t
Lig og fandtes ved tilfceldig Gravning i Ruinerne af en gamm I
Haug. Af det 0vrige Gravgods indkom et 0xeblad, en Mcengde
Klinknagler (maaske af en Baad), et Fi kescenke af Bly, noglc Gla -
perler og en Smykkenaal af S01v lig N. O. 681.
Er rigt Vaabenfund blev indkj0bt fra Utigaard i Eids Pre te-
gjceld, Romsdals Amt. Alle Gjenstande sees at have \'<eret m d
paa Baalet, men ingen er forscetligen sammenb0i t. D rimod r
Odden afhugget paa en tve<egget Klinge, og dette maa vcere k et
umiddelbart f0r Gravlcegningen, idet tumpen var nedlagt samm n
med Svcerdet og endnu er tilstede. Dette Svcerd har sil11pelt Hjalt;
sammen med det fandtes imidlertid et ligeledes tveegget med »gy]-
dent Hjalt« og mcerket Klinge. En smal tyk py I pid er sjclden
ved to udstaaende Hager, der ere anbragte paa den 0verstc, . mal ste
Del af den forholdsvis lange kaftholder.
Ogsaa fra Sexe i Ullensvang er indkj0bt et rigt Vaabenfund,
der ligeledes indeholder to Svcerd: det ene har gyld nt Hjalt og
enegget Klinge, der ved Gravlcegningen er bleven krogb0i t; det
andet har detimod tydeligvi vceret for elastisk og har ikke villet
lade sig behandle paa samme Ilaade, Derfor er Klingen bleven
kncekket i tre. Odstykket er nu renset og viser fin Damasc ring i
den fordybede Hulrand. Blandt Gravgo Isets andre Gj nstand· kan
ncevnes en ualmindelig velformet 0x og en ei ndommelig stor to-
armet Gaffe!.
I den saakaldte »Kong Beles Haug« paa Bal strandsncesset i
Sogn blev sidst Sommer paatruffet en stor Gravkiste. Sandsynlig-
vis til Beskyttelse mod Jordrotter var hele Kisten omgiv t m d et
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tykt Lag uds0gt grov Strandsand. Graven selv var tom, men oven-
paa Dc:ekhellen var lagt en velformet Spydspids af Jern. Haugen
er siden ved Filialafdelingens Forsorg bleven fredlyst.
Ved de to mc:erkvc:erdige Fund i Tune 1867 og paa Gogstad
i 1880 er i de sidste Aar Opmc:erksomheden bleven sc:erlig henvendt
paa den for Vikingetiden eiendommelige Gravskik: at lade den d0de
paa et Skib s0ge Veien til Sj~lenes Land. I den store Haug, som
Museet i r874 lod udgrave paa M0klebust i Eid i Nordfjord, viste
Fundet, at H0vdingen var bleven brc:endt paa og med sit Slcib.
Medens ovcralt ellers i Landet Vikingegrave med ubrc:endt Lig har
vist sig forholdsvis hyppige, har de derimod langs hele Vestkysten
vc:eret rene Undtagelser, og idet altsaa i denne Landsdel Ligbrand
maatte antages at have vc:eret den a!mindelige Gravskik, fulgte deraf,
at Udsigterne til et )Skibsfund« paa disse Kanter har ...c:eret smaa.
Sidst .ommer blev imidlertid indberettet, at man i S tor h a u-
gen paa Karmoen skulde have fundet tydelige Rester af et i Hau-
gen begrav t Skibo Storhaugen skal if01ge norske Fornlevninger
( . 348) vcere en af de st0rste i Landet, men allerede fra f0r 1867
har Eierne hentet Jord og Fyld fra den, saaledes at nu nc:esten den
ene Halvpart skal vcere borte. Paa Afdelingens Bekostning blev
strax forctilg t nog! forel0bige Unders0gelser, og efter at der ved
diss er skaffet Sikkerhed for, at Haugen virkelig har dc:ekket en
;:,kibsbegrav Ise, vil Museet til ommeren lade foretage en plan-
mcessig Udgravningl for at redde aile de Oplysninger, som endnu kan
lade sig inelsamle era dette storartede Mindesmc:erke.
Af Gjenstande fra Middelalderen kan fremhc:eve et R0gelseskar
fra Eidfjord og Fodstykket af en Monstrans af forgyldt Kobber fra
HopI' kstad Kirk 1 ogn. Monstransen har sexbladet Fodstykke
og h0i 'tallll11' med sexkantet Knap, men af hele Overbygningen,
d r i Reg len har Form af et lidet gothisk Taam, er intet tilbage.
Mus t ei d tidligere kun t lign nde t)'kke, der ligesom det ny-
rhv rv d' 'I' bl ven bevaret paa den Maade, at det efter Refor-
mati n n er blevell d graderet, forsynet med Lysepibe og taget i
Brug . m simpel Ly e tage.
Et ;lndrt m re kUllstfc:erdigt m n ogsaa meget c:eldre Minde om
Middelald'rens r ligios' kikke er det her Fig. 4 afbildede Drage-
h v d, del' cllgallg har prydet Gavl pid en paa Relikvieskrinet i
Tor estad Kirk' paa K;lrm0 n. Det cr af forgyldt Kobber og fandtes
v d r;l ning i d n gamle, nu nedr vne Kirke Kor.
I Middelal leren havde \'istnok de fl ste af vore Kirker mindst
n aatlan HelJigdom. De felrt s omkring \'ed h0itidelige Proces-
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sioner paa de forskjellige Festdage. da Gaver og Offer indsamled~s
til Kirkernes og Geistlighedens Underhold. Paa dem aflagde ofte
Ed, og ved overha::ngende Fare saasom Ildebrand blev de ikke sjel-
den hentede ud for at standse de onde Magter.
De havde i Regelen Plads paa Alterbordet, men efterat Refor-
mationen havde 0delagt deres Hellighed. blev d fl ste vi tnok trax
0delagte, og nu er det yderst sjelden, at et Brud tykk komm r for
Lyset.
Her hos os synes Relikvieskrinene hyppigst at have havt Form
af smaa Kirkebygninger med Soilegang, spidse Gavler m d tor
fremoverb0iede Dragehoveder og gjennembrudt M0nekam. krin n
selv er i Regelen arbeidede af Egetra:: og da::kkede m d forgyldt
Kobberplader med drevne bibelske Billeder. Diss Plad r vi r ig
i Here Tilfa::lder ikke at va::re afpass de efter det SI.;:t·in, hvorpaa de
er anbragte. Om deres Oprindelse vides forre ten intet bestemt;
de billedlige Fremstillinger giver ingen Veiledning, og af Ornamen-
terne er Dragehovederne ubetinget de mest karakteri tiske. De
gjenfindes paa yore Stavekirker, og Formen er maaske oprind lig
hentet fra Stavnprydelserne paa Vikingetidens Krig kibe.
Det her fundne er trods sin beskadigede Til tand yd rst in-
teressant. 0inene er uforholdsma::ssig 12nge. Iigesom paa Urnce kir-
kens Dyrebilleder. de naar lige fr m mod Na:: espid 'en, ere afrundede
bagtil men tilspidsed~ fremover. Desvcerre mangler det karakteri ti-
ske Snudeparti med bugtet Tunge og nedh::.engende Lap. D rimod
har akken en gjennembrudt Kam og desuden Mank , der falder i
fern regelma::ssige Lokker paa hver 'ide af Hal en. M d tiltal nd
kunstnerisk Fanta~i har den gamle Mester ladet n fin Bladranke
slynge sig gjennem Uhyrets Manke. Begge Sider re ns m d Und-
tagelse af, at Bladrankens Stilk paa den ene ide afsluttes med t
lidet, skarpt tegnet Ormehoved i Profil, der bider over na::rl11 st
B0ining og er af udm::.erket belivende Virkning. D tte Ornaments-
motiv gjenfindes i Mcengde paa tavekirkernes Udskja::ring r. Paa
Stedjekirkens pragtfulde Portaler er saaledes flere af paafalclende
Lighed. Maaske derfor at dette ufuldst::.endige men m::.erkelige Stykke
alligevel kan vcere en Pnwe paa indenlandsk Kunstf::.erdighed i Nor-
ges ::.eldre Middelalder.
If01ge Sagnet skal Kirken i Nedstryn engang have staaet paa
Gaarden Kirkeide h0iere oppe i Dalen. Paa denne Gaard sees for-
skjellige Gravhauger men ingen Minder fra den kri tne Gudstj ne teo
Dog paavises et Markstykke, hvor der ved Graming jcevnligl:n
findes Ben, og hvor altsaa Kirkegaarden antages at have va: ret.
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Idette Markstykke paatraf Gaardeieren sidst Sommer den her
afbildede Helle, der efter sin Form ncermest ser ud til at vcere en
gammel Gravsten. Vistnok synes det, som om dette Slags Mindes-
mcerker hos os i den katholske Tid har va:ret forholdvis sjeldne,
dog val' de tydejigvis kjendte og ved sceregne Anledninger i Brug
ligefra de f0rste Aarhundreder efter Kristendommens Indf0relse. Af
de til vor Tid bevarede udm<erker sig de -kisteformedec Gravstene,
der i Regelen antages <eldre end Aar 1200. Oversiden er tagformet,
enten sturn eller ogsaa forsyn t med Indskrift og enkelte kristelige
Ornamenter eller Symboler, iscer Korsets Tegn i oph0iet Arbeide.
Stenen fra Kirkeide er imidlertid ulige simplere. Kanterne er
tildannede ved grove Slag, og kun Overfladen synes at vcere afglattet,
forinden den blev forsynet med de indhugne eller indgnedne Orna-
m -ntbillecler. Disse maa vel antag~s i sin Tid at have havt en
Menin¥, rimeligst symbolsk, men ere nu vanskelige at- forklare.
Billedstene ere her i Landet i det hele yderst sjeldne, og med
de hicltil kjendt frembyder den nyfundne kun liden Overensstem-
melse. aavel Forsiringsmaaden som de enkelte Figurer og deres
symmetriske Ordning frembyder saa meget eiendommeligt, at man
endog kan komml: i Tvivl, om Hellen virkelig er et kristent Grav-
mincl og ikke en Billed ten fra Broneealderens hemmelighedsfulde
Tidsalcl r.
Den lange Mi ltlinie med den stigb0ileformede Udviclelse ved
Rod nucn, c1er slutter ig umiddelbart til to paralel1e Tvcerlinier, ja
selv c1en runde Topskive syne at· forud cette en Korsfigur til
Af lutning (kfr. Aarb. [876, Fig. 9 og [6), men istedet derfor er
her indhllgget en bred Straalekrecls, del' \'istnok hal' mere Lig-
h dilled en Helleri tningsfigllr ent! med noget kristeligt ~ymbol.
D t sarnme gj<cld I' den trebugtede Linie ( langen) og de kon-
ntrisk Ring\'. d I gan ke yarer til et af de hellige Tegn, som
er in Ihugget paa Gavlhellen i d t store Bronc alders Gravkam-
m I' pan Regc paa ]ced ren (t: Afbildn. i Aar b. [882,'. 87).
Vi tn k kundc d kone ntri ke Ringe og d n ligeoverfor stillede
btl- ~ I'm de Figur tcenkes at skulle betegne '01 og Maane, en
Frem ,tilling, d I' er almind lig paa l3illedgrupper fra den ::eldre
Ijdcl lakier, som for kommer f. Ex. to Gang paa den mcerk·
v. rdig' mal d Tavie (Urda I), del' f0r hang i edstryns Kirke,
f rmod ntlig n top i den Kirke, i hvis Tomt Bill d tenen er funden.
M n for d t ~ I' t er Frem tillingen del' noget ander! des og Maa-
nen afbild t taaende, ikke liggencle som paa tenen, for det andet
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synes disse samme Figurer eller Symboler at have v:eret i Brllg og
at have havt samme Betydning i fjernt adskilte Tider og Lande.
Tydelig er Fremstillingen af en Kam nederst paa den ene 'ide
af Midtlinien. Men ogsaa Kammens buede Ryg med de to gjen·
nembrudte Aabninger hal' virkelig st0rre Lighed med de Kamformer,
del' kjendes fra Broncealderen. end med yore middelalderske. En
lignende Fremstilling vides heller ikke at v<ere bema:-rket paa noget
Gravminde her i Landet eller i Norden. hvorimod del' i Skotland
paa )sculptured stones« Ira den <eldste kristelige Tid ikke sj Iden
forekommer Billede af en Kam sammen med »Kors, 'olskiver,
L0vel' og Elefanterc. (Stuart: Sculptured stone', Tombeall de
Childeric 374. Arch<eological Annals of 'cotland Pag. 500.)
Ovenfor Kammen lodret paa den er anbragt en spidsoval hgur.
del' Jigner to Figurer paa Kivikmonumentets ene Billedsten, s ~ Nor·
dens Urindv.. 2, Pag. 5, o. 1. Figuren er tydelig, men hv~d den
skal fremstille, er usikkert.
Som det sees paa Afbildningen. er del' paa hver Side af Mielt-
linien indhugget tre - Tegn. Desvcerre harden 0verste og nederste
Figur paa den ene Side va:ret enten 10sere indhugget nd de andre
eller mere udsatte for Slid, saaledes at de nu vanskelig kan forf01ges
eller bestemmes. Den 0verste kunde maaske. idet dens tre para-
lelle Linier 0verst syn'es at forene sig qg danne to Bu r, have v<eret
tydet som 0 mega, saafremt den tilsvar nde Figur paa den an-
den Side af Midtstregen havde havt nogensomhel·t Lighecl med et
AI p h a. Men den bugtede Linie kan umlllig tolkes paa den Maade.
Af den nederste Figllr kan udskilles en liden' Ring og to br d
Linier, men Forbindelsen mellem dem er ganske uklar.
Ligesaa uscedvanlige og gaadefulde som St nens Billecler ere.
ligesaa usikker er altsaa dens Alder.
Figurerne ere aile ganske gl'unde og synes mere at vcere ban-
kecle ind med en skarp Sten end meislede med et JEgvcerkt0i af ]ern
eller Staal. I den Henseencle, med Hensyn til Arbeidsmaaden, viser
disse Figurer 1I1ige st0rre Overensstcmmelse med Tegnene paa R ge-
gravens Gavlhelle, end f. Ex. med cle middelalderske Billcder paa
Runestenen fra TlIv paa ]cederen (FornI. 3(0). Liniernc paa dcnne
er ulige skarpere, ncesten ligesaa dybe som brede. Tuvstcn n og
Hellen fra Kirkeide er af samme Stenart, haard Sandsten, rnedens
Gavlstenen i R<egegraven er af Granit ligesom de fleste Helleristnings-
tavler. De besynderlige Billeclstene fra Mjeltehaugen paa Giske er
af Skifer, hvorfor de indhugne Linier viser f1isede Kanter med uj<evn
Bund. Mjeltehaugens Heller kan efter a1 Sandsynlighed henf0res til
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Broncealderen, kfr. Aarsberetn. 1878, 349, men frembyder forresten
ikke mange Sammenligningspunkter, uagtet der paa enkelte af de
mindre Brudstykker fore-kommer baade en Straalering og koncen-
triske Kredse. Forst nye Fund og bedre Indsigt i de gamles Fore-
stillingskreds vii kunne 1.0se Kirkeidestenens Gaade.
Museets Samling af national·ethnografiske Sager har ved Sam-
lagets Bevilgning kunnet modtage en god Foregelse.
Fra Vos, Runddalen og indre Sogn er atter indkjobt en hel Del
interessante gamle Husgeraadsgjenstande, is~r af Tr~ og to kunst-
f<erdige Belter.
For ellers kun at n~vne det vigtigste maa fremh~ves et yderst
sjelc.lent H~ngeskab fra Valders med godt udf0rte og sikkert
skaarne Ornamenter; et godt bevaret gam melt Aakl~de fra Lekan-
ger, en prcegtig udskaaret og meget stor Renaissancekiste af Egetr~,
skjcenket af Forstander Hartwig, et aldeles helt og uskadt Belarminer-
krus, inclkj0bt i Gloppen, et Hcengesmykke afS01v med gothiske Blad-
ornamenter og Indskrift SVN WE + GVS: BRA DT + DOTTER
.1576, og to med Hensyn til Udskj<eringer her i Samlingen hidtil
enestClaencle Hankeskaal I' af Tr<e.
avnet af Udstillingsskabe gj~lder i s~r1ig Grad denne Afdeling.
Meg t maa pakkes bort, og det 0vrige kan vanskelig bringes i den
0n. keligc rden. Museets national-dhnografiske Samlinger giver
d rfor langt fra det Indtryk, som de ved sin n~rvrerende Rigdom
un ler heldigere Forhold baade kunde og burde give.
For Mynt- og Medaillesamlingens Vedkommende skal man ind-
skrcenkc sig til at nrevne 14 yderst sjeldne Mynter fra Harald Haard-
raade, aile med for kjelligt Pr~g, fundne paa Jmsland i Ryfylke, og
ct Pragtcxcll1plar af d n i nledning af -Iaget paa Bergens Vaag i
5 Olf H II' nd role pr~ged Medaille, forreret af Hr. Ritmester
H nrik Fl'iele. I Mus ets Medaillesamling fandte tidligere kun to
I ttl: Tinafst0bning r af denn for B rgen Histori interessante
Sku I nge, hvi elv rs frem till r. laget og Vaagen, medens Reversen
inc! holder et Digt til Forherlig Ise af Hollcendernes Seier.
Bergen i Direktionen for Mu -eets historisk-antikvariske Afdeling,
21de April 18 6.





over de 1886 til Bergens Museums historisk-antikvariske Afdeling
indkomne Gaver.
1. Fra Thorjeld C. Hereid: Et R0gel t:skar fra lidd laId ren,
fundet i Jorden paa Hereid Eidfjo·rd, Hardanger. D" t Jaa
omtr. 20" dybt og i Trcekul.
2. Fra Hr. Albert Johan Mohn: Leopoldus Rom. Imp: Maguntia
recepta, forgyldt Tinmedaille. 1689.
3. Fra Hr. Skibskaptein Abrahamsen, kib Lina: Otte rom. Bronc
mynter.
4. Fra Hr. Salvesen, Farsund: Tre Haandsnell hjul fra Li ter.
S. Fra Hr. Overretssagf0rer Christen Faye: Tre Papirdokumentcr
fra Beg. af forrige Aarh., vedkommende alget af t Grund-
stykke, .. RosenberghavelH kaldet.
6. Fra Hr. David Reu ch, Kj0bmd.: Erindringsmedaille, prceget
af Metal fra Ballonen »ville d'Orieans«.
7. Fra Hr. Fiskerisekretcer S. A. Buch: Y. J. tveegget Svcerd og
en Spydspids fra Vos .
8. Fra Hr. Kj0bmand ell hall : Spiritusmaaler af Elfenben i et
Trceflltteral samt en laalestok til at beregne en T0ndes In Ihold.
9. Fra Hr. Asbj0rn Johannesen, Folkedahl i Graven: En Benslee
med indridsede Forsiringer paa Bagsiden og Aarstallet ]616.
10. Fra Hr. Tandlcege H0ghs Bo: Et Par Islcegger og en Pigstav
indkj0bte for omtr. ;0 Aar siden paa en Gaard ved ordaas-
vandet.
11. Fra Hr. Lampe: Fem '0lvmynter fra Trediveaar krigens Tid,
fundet i Jorden i S0ndfjord. En fra Chr. IV 1618, d 4 andr
tydske.
12. Fra Overretssagf0rer J. C. F. B. Mowinckel ved
falsk Tyvekreuzer Anno 186<) af Hr. Mowinckel
Karlsbad.
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13. Fra Lensmand O. S. Mohn: Et enegget b0iet vcerd og et
0kseblad fundet sammen med Bidsel og Hein paa Hole, Vosse-
stranden.
14. Fra Stud. jul'. Kristian Bing: En Pilespids, fundet paa H0ifjel-
det ved Mj0sstranden, T elemarken.
En liden Glasrude med Indskrift Lauridtz Marcuszen 1612.
15. F ra Hr. F orstander Hartvig: En stor rigt udskaaret Kiste af
Egetr<e fra ChI'. IV Tid.
16. Fra Hr. Udskiftningsassistent P. Hansen, Havum: To Spyd-
spidser fra y. J. fundne i en R0S paa Fresvig i Sogn.
17. Fra Rob. B. Armstong, London: Fodstykke til en Monstrans,
d I' i sin Tid skal have tilh0rt Hoprekstad Kirke.
18. J'ra Ie S0rensen, Port Natal, \'ed Albert Mortensen, Adr.
Sagf0rer Martens: 2 Halsbaand af brogede PerleI' og en om-
splll1den Frugtskaal fra Syd-Afrika.
19. Fra O. Andr. Olsen, Ter0en: Odden af en Spydspids af Flint,
fundet paa Nord0en ved Tewen, Sondhordland.
20. lora IvaI' Flem pro R0rvik ved Rektor Voss: Et stort Flintred-
skab fllndet i en Myr paa R0rvik ved Aalesund.
21. Fra ~Earl of Dueie«, 16 Portman qvare: En Samling maa
Flintredskaber indsamlede i Oxfordshire.
22. Fra d t kong!. danske Myntkabinet: En Skilling danske 1698
), ra rrissi mus«.
23. Fra M. Knudt en hos Falk, Halvkandebakken: En gammel,
maask middelaldersk Tallekniv med forsirede lange Holker af
Mes ing. Paa den 0verste Endeflade er anbragt tre og hal'
vceret lire bevcegelige riflede Ringe.
24. Fra Len Oland Lem: En i ogndal fundet Sten0ks af Sand-
stell med paabegyndt Skafthu!.
25. Fra Dr. m d. Ed. B0 kmann, Berg n: Ek emplar i Bronee af den
stor Gra fes Medaill , del' v d Universitetsfesten i Heidelberg
188 medd It s til Prof. Herman Helmholtz.
2 . Fra Gaardbrllger Helge La n: Kaarde med enkelt Boile fra
Parer tangen til Knapp n; fundet i Lo n, Nordfjord.
27. lora R. G. Hafstad, Tugthu et, Bergen: Messingbeslag til en
Ta k laas.
2 '. Hr. H mik Fri Ie, Ritmester: 01vmedaille til Erindring om
'0slag t paa Bergen Vaag, sjeldellt og smukt Eksemplar.
En TU tav- dolfsthaler, gjennemskaar t, 4 Mark svensk, 2










Billedsten fn Btryn i Nordfjord.
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29. Fra Frk. Valborg Platou: Et Tolamarastykke (2 Francs) prceget
1875 for Kong Milan af erbien.
30. Fra Overretssagf0rer Carl Platou: En romersk Keisermynt af
Bronce.
31. Fra Cando 1. Ross: 2 smaa Brudstykker af en urtepotteformig
Lerume; fundet i en Grav paa Regelstad. Fino, Ryfylke.
32. Fra Lars G. R0kences i Hammer: En i Jorden fundet bred
Jordhakke (celt). fundet paa R0kences i Hammer.
33. Fra Skolediscipel Ludvig Ameln, Adr. M011eeier Am In, Fos-
winckelsgade 13 ved Lcege N. icoll: Kobbermynt 1835. lit
Anna: East India Compo
34. Fra Kj0bmand Feser, Bergen: En h0i Vase eller vaseformet
Opsats af drevet Messing.
35. Fra Kapt. Meydell, Bergen: Et lidet ovalt Skrin med tcette
Messingbeslag og mange Rum; fra Balestrand i Sogn.
36. Fra Agent Johan Matthiesen, M0hlenpris: En spansk og en rna-
rokkansk Kobbermynt.









Generalforsamlingen 2] de April ]887.
18 '"
Bergens Museums
naturhistoriske Samlingers Foregelse i 1886.
Fortegnelse over indkomne Gaver.
Dampskibsexpedit0r Gunder en, Farsund: Ana acuta g B rnicla
torquata.
H. Hj0mevik: Lophortyx californicu
Inspekt0r S. Buch: Anser cinerea.
Alfred Meidell: En fossil Haitand.
Skibskaptein Abrahamsen: Sargassotang og en Del Insekter.
Sogneprcest Greve, Vanelven: Uria troile (Albmo).
Oberstl0itnant Gill: ..-£g af Langshansh0nc (120 Gr.).
John Lilleskaret: Tritonia Hombergii og endel andr Evertebrater.
Dyrlcege 1. ielsen: Bcendelorm fra Mu .
Dr. Klaus Hanssen: Et Menne kefoster.
Consul B0rs, New York: Ovis nivicola (han og hun) fra Kamt chatka.
Konservator L. Steineger, Washington: Skind af ElIrnetopias telleri
(han), Callorhinus ursinus (grnl. og ung han, hun, dllnklcedt Unge);
Kranier af VlIlpes lagoplls, Mustela zibell ina, Urslls arctos, Cal-
lorhinus ursinus, Eurnetopias Stelleri amt en amling nord·
.amerikanske Fugleskind, hvoriblandt Thalas oactos pelagicll'i.
Kj0bmand Johannesen, Reykjavik: Larll marinus og et Stykk~
Kryolith.
Toldfunktioncer Hagen: Chimcera monstrosa.
Kaptein Haugland; Melithophagus, Boa constrictor og Krokodillc
fra Senegambien.
Prof. Noll, Frankfurt aiM: Spongilla Lieberktihnii.
Toldbetjent Rasmussen; En Rundorm.
N. Danielsen: Chimcera monstrosa.
Kaptein Kahrs: Tand af Pristis antiquorum.
- 270 -
Kaptein Bruland: Fiske og Evertebrater fra Atlanterhavet.
Mathias Steen: . limaal.
Ingeni0r Jordan: Dafila acuta.
Rektor Voss, Aalesund: Nephrops norvegicus.
Prof. R. Collett: Otus vulgaris, Eudromias morinellus, Pyrrhula me·
lanissima, Lusciola suecica.
Prreparant Glimme: lndenlandske Fugleskind.
Kj0bmand Larsen: En Kaie.
Lars N. BIaabrervig: Pennatula borealis.
Albertine Friele: Turdus musicus.
L. Meyer, Aastvedt: Eremitkrebs med paasiddende Actinier.
Jakob Nresdal: En Vibe.
Jakob Liske, Bremanger: Chimrera monstrosa.
Kj0bmand Blytt: Sargassotang.
Styrmand Mikkelsen: Slanger, Firben, Fiske, Evertebrater.
Adjunkt Vetlesen: Hrematopus ostriJegus.
Hugo Mowinckel: Vanellus cristatus, Numenius arcuatus..
Kj0bmand Geelmuyden: Dafila acuta.
Ole N. Byseim: Gjrerd smut.
. Danielsen: En reis.
Fiskebazaren: Yngel af Clio borealis.
verlregc Dr. D. C. Danielssen: 3 Larus mannus.
Kaptein Ax I Juell: Koalab0nne fra K0l1efjord.
Konservator Lorange: Ansel' albifrons fra Farsund.
Dir kt0r H. Friele: lndenlandske Fugleskind.
Wilhelmsen, Haakonsund: Fiskeyngel og Evertebrater.
tyrmand Gjrestdal: 0slange og Krustace fra Sumatra.
Kaptein Th. Brown: Pekari fra Brasilien.
K. jurs n Li: Rundorm.
Abraham E. Bueland: Lampris guttatus.
lagt I' Han n: Unger af Husmus.
I 01' n n: lang skind fra Port Natal.
B ghandl r Floor: Cyclopterus lumpus.
. Erik cn, stcr i 1: Omatostr phes todarus.
Kapt in M. A. lIik n: Foster af Balrenoptera musculus og Me-
gapt ra boop .
tud. jul'. Daa 1 en: Kophobolemnon M0bii.
A e or Christie: mfibier.
erg ant Legr id : Trachinus draco.
K. Lund, tryn: Falco lithofalco.
nton Dahl: Raja radiata.
- 27' -
_ . Lund: andspidsmus.
Dr. Jickeli jr., iebenbi.irgen: Et Ulveskind.
Hugo 'Iowinckel: Skind af en ung Ren (3-aaring).
~. ielsen, Louisendal, ogn: PageUus centrodontes.
Kj0bmand F. Ameln: En abnorm Flyndre.
1. M. Grieg: Larus fuscus.
Bager Amundsen: lrisk (Bastard).
Heine, aagsb0, Fane: Paragorgia arborea.
Feierinspekt0r Rasmussen: En Del af en Furustamme, gjennem-
boret af Billelarver.
Fiskebazaren: Solea plate sa, Hummer.
Rektor Voss, Aal sund: En Munida.
K. Kr0epelien: Et Ekorn og en Papeg0i.
J. E. 0jen, S0ndfjord: Xiphia gladius.
Kristian Dekke: En Dompap.
C. Sundt: Strix aluco.
H. Reimers: 2 Edderkopreder fra lndien.
Ingeni0r Gill: Podiceps cristatus.
'vend Utne, S0ndhordland: Caryocatactes guttatus
Bundtmager Brandt: Hj0rnetand af Flodhest.
Dr. Klaus Hanssen: Menneskefoster.
A. Larsen R0nnestrand, Eid i Hardanger: Icedo i pida.
Distriktslcege chou, 0ndfjord: Merganser ca tor.
tyrmand Rasmu en: Har Ida glacialis.
Dr. ic::sener: Menneskefo ter.
Around B0rve: Paragorgia arborea.
Kaptein Jakob Falck: Tand af Hyperoodon ro tratum med paa-
siddende Lepades.
Oversigt over Samlingernes Tilvmkst.





























Naturalier indkomne ved Gaver:
Menneskefostre . . . . . .
Pattedyrskind . . . . . .
Pattedyrskeletter. Kranier og Skeletdele
Pattedyrfostre. . . .


























Naturalier indkomne ved Excursioner:
Ca. [00 Fugleskind og 400 Evertebrat r.
Museet har de uden kj0bt ende! af afd0de Konservator K rens
Evertebratsamling.
Jalt er d r indkommet til den naturhistoriske Afdeling:
ved Bytte . 6;6
Gav r. . . 287




Af de indkomne Naturalier er f01gende sjeldnere og st0rr at
udhceve:
Fostre af Phoca vitulina, Balcenoptera rostrata, Bal. tnusculu , M-
gaptera boops, Phoccena communis, Orca gladiator. keletter af
Balcenoptera rostrata og musculus.
Gymnetrus glesne (2.5 m. I.) fra Seimstranden.
Pyrrhula melanissima.
Alauda arborea fra Skogsvaag.
En ung Chimpanse.
En ung Gorilla.
Skelet af Manatus americanus.
En Samling udenlandske Mollusker, Fi ke, Amfibier, Reptilier, Patte-
dyr og Fugle, specielt amerikan<;ke Fugle, hvoriblandt kan
ncevnes Thalassoaetos pelagicus.
avis nivicola (mas. og fern.) fra Kamtschatka.
Eumetopias Stelleri (mas.), Callorhinus ursinu (mas. ad et juv.. fern.
og juv. i Dundragt) fra Beringshav t.
Peristera turtur fra Brudvik.
Lampris guttatus.
Skind af Vlv, Ren og Eig.
Xiphias gladius fra S0ndfjord.
Garrulus glandarius fra Bergen.
Alcedo ispida fra Eide, Hardanger.
Tand af Hyperoodon rostratutn med paasiddende Langhalse.
I Aaarets L0b har Museet staaet i Bytt forbindelse med f01-
gende Herrer og videnskabelige Anstalt r:
Prof. Dr. Pagenstecher, Zool. Museum, Hamburg.
Dr. Spengel, Die Stadtischen Sammlungen, Bremen.
Prof. Dr. Noll, Senckenbergische Ge ellschaft, Frankiurt a M.
Konservator L. teineger, Smithsonian Institution, Washington.
Naturaliehandler G. A. Frank, London.
Af Inventar en intet vcesentlig nyt anskaffet. De fleste af d
ifjor bestilte Glas ankom f0rst i Begyndelsen af forl0bne Aar. I
Pibe Spiritus anskaffet. Samlingen af Hvalskeletter er forandret,
saaat der nu ogsaa hcenger Hvalskeletter i den nord0stre Sal. Des-
uden er der ophcengt Skeletter af Balccnoptera borealis og Megaptera
boops, endvidere er der opstillet i amlingen et stort Skelet af den
indiske Elefant.
Siden Afdelingens forrige Beretning har Dr. J. Brunchorst til-
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traadt sin Konservatorpost, og et plantefysiologisk Laboratorium med
de n0dvendigste Apparater er istandbragt. Tillige har Afdelingen
if01ge Direktionens Bemyndigelse overtaget Udgiveben af Tidsskriftet
~Naturenc.
Flere Sale er saa overfyldte. at der teenkes paa at skaffe mere
Rum; men herom vii Afdelingen ved en anden Leilighed henvende
sig til Direktionen.
Overleege G. A. Hansen har sam Resultat af sin Stipendiereise
indsendt en h I Del lavere Dyr.
F(~lgencie Afhandlinger viI if01ge Direktionsbeslutning blive op-
tagne i Aarsberetningen: Konservator J. G r i e g: Bidrag til de norske
Alcyonarier, med 9 Tavler. - Konservator Dr. J. Brunchorst:
am en almindelig Sygdom paa Potetesknoller, med I TavIe; Be-
kjeempelse af ~Knopc paa Kaal; om Rodknollerne hos Older og
Etaagnaceerne, med I TavIe. - Konservator Fridtjof Nansen:
ervecelJerne~ finere Struktur og Sammenheeng, med I I autogra-
fiske Tavler.
D'Herrer Konservatorer Nansen og Grieg har foretaget zoolo-
gisk Unci rS0geiser og derved gjort Indsamlinger af lavere Dyr, og
Kons rvator Brunchorst foretog i August Ma<lnec1 en Reise paa
Jeec1er n for at studere Plantesygdomme, samt gj0re Indsamlinger
af botaniske Gjenstancl , cler senere bliver at opstille, naar clet dertil
forn0dn pstillingsmateriale er an kaffet.
Konservator Nan~en opholdt sig fra Februar til henimod Slut-
ningen af Juni i Udlanclet paa en Stucliereise for egen Bekostning.
J Tysklanc1 bes0gte han en hel Del Museer, og i Italien arbeidede
han i 2 Maanec1 r i Neapel paa den c1erveerende zoologiske Station.
",'lL l:l:l::> lIc1lUllll"lUrJ '\<;e cllTIl/llger og Hlbl10thek har veeret be-
nytt t kortere og l<.engere Tid af D'Herrer Zoologer Dr. Kukenthal,
Dir tor B yer og Stud. nat. KalJid .
Mus ets naturhistoriske Afd ling 13de April 1887.
D. C. Danie1Bsen. G. A. Hansen.
N. Nicoll.





Generalforsamlingen 21 de • pril 1887.
I Aaret 1886 er Museets Bibliothek bleven for0get med 813
Bind og Hefter, hvoraf 4[7 er Gaver. Heraf henh0rer 606 Num·
mer til den naturhistoriske Afdeling og 207 til den historisk·anti·
kvariske.
C. Fastings Bibliothek er i dette Aar ikke bleven for0get.
I samme Tidsrum har va:ret udlaant 437 Bind, foruden hvad
der er b nytt t paa Stedet af Museets Funktiona:rer og fremmede
tuderende.
Udlaanstiden har va:ret den samme som i na:rmest foregaaende
Aar.
B0g rnes Antal i Bibliotheket var ved Udgangen af [885





J. C. Fasting Bibliothek . . . . . . . . . . . . .. 798 »
For b gge Bibliotheker tilsammen ved Udgangen af 1886 12,436 TO.
Dett Antal formindskes dog noget efterhvert som Hefterne sam·
les og indbindes.
B rg ns Mu eum, 20de April 1887.
P. Hysing.
Gaver til Bergens Museums Bibliothek 1886.
Overlo:ege Dr. D. C. Danielssen. Leopoldina, amtliche Organ der
deutschen Akademie der Naturforscher zu Halle. 18 5-86.
Die udibranchien des nordischen Eismeere von Dr. R. Bergh;
mit 3 Tafeln.
Sveriges Statskalender J885.
Bulletin de la Societe zoologique de France 1 85- 6.
Results of ornithological explorations in th Commander I land
and Kamtschatka by Leonh. Steineger.
Report sur Ie fonctionnement du laboratoire de Concarneau,
1885, par G. Pouchet.
Du systeme nerveux chez les invertebres par E. Blanchard.
Die osterreichische Polar·Station Jan Mayen. B obachtungen,
Heft I, mit Karten und Tafeln.
Beitrage zu der Kenntniss der Gephyren aus dem malayi chen
Archipel, von Dr. C. P. 'Iuiter. Mittheilungen IV.
A Monograph of the fossil Echino"ides in th Per ian Gulf by
M. Duncan and P. Sladen.
Tijdschrift, nederlandsch, foor de Dierkundc. Jaargang V, Hft.
1-2.
Annales de la Societe malacologique de Belgique, Tome XI-
XIX. J876-84.
63ter Jahresbericht der schlesischen Gesellschaft flir vat rlan·
dische Cultur in Breslau 1885.
Rhizodendron oppoliense, Gopp, mit 3 Tafeln. Von K. G. tenzel.
Les preuves de la formation recente de la Mediterranee par E.
Blanchard.
Do. de l'cffondrement d'un continent austral pendant l'age mo-
derne de la terre, par Do.
Do. de la dissemination des especes vegetales et animales et la
connaissance des flo res et des faunes dans son application
a la geographie et a l'histoire elu globe, par Do.
Beitrage zu der Kenntnis der Gephyreen aus dem malayisch n
Archipel, von C. P. Sluiter.
Fossili del giura-lias di Segan e di Valpor. Autore A. d
Gregoris.
Nota intorno a taluni fossili di monte Erice eli icilia. Do.
On the variations in the form of the cirri in certain comatulc.e,
by P. H. Carpenter.
The comatulc.e of the Willem Barents's expedition, by Do.
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Konservator F. Nansen. ]ahresbericht vm und IX des Ausschuszes
fur Beobachtungs-Stationen der Vogel Deutschlands.
Observator Astrand. Mindre Afhandlinger I,
Fiskeriselskabet. Norsk Fiskeritidende for 1886.
Aarsber tning for 1885.
Indberetning til Indredepart. om de i 1885 udf0rte praktisk-
videnskabelige Unders0gelser om Vaarsildefisket.
Sagf0rer K. Faye 4 Dokumenter vedkommende Rosenberghaven.
Manuskripter.
Skibsfelr r Lervig. Brochmands Huspostil (1739).
Biskop Hvoslev. orsk Lovtidende 1885-86.
Konservator F. Nansen. Ancient and modern methods of Arrow
Release with illustrations, by E. Morse.
Apotheker ChI'. Ell rmann. Fors0g til en pharmaceutisk Haandbog
for B gyndere, ved J. MellIeI'.
Udf0rlig Fr mstilling af Chemiens Hovedl~rdomme, ved W. C.
Z ise.
Cuviers lementarischer Entwiirf der aturgeschichte der Thiere,
von C. R. Weidemann.
Ved Mus ets v rtagelse af Maanedsskriftet »Naturenc. The Ame-
rican aturalist, an illustrat d magazine of natural history.
Vol. XIV-XVIII. 1880--84.
Knowledge, an illustrated Magazine of science. 01. I-IX.
Th natural hi tory journal and school reporter. I\-x.
La N;ttur , revue des sciences et leurs applications etc. Vol. I-V.
Die atur, Z itung zur Verbreitung naturwiss. Kenntniss fur Leser
all r tand. Band 3-IO.
U r aturfors h 1', Wochenblatt zur Verbreitung der Fortschritte
in d n aturwiss nschaften. Jahrgang I 81- 5.
orsk Magazin for L~geviclenskaben. Vol. IV-XVI.
'1 ids~krift ft r prakti k M dicin. Aargang 1884- 6,
Humboldt, Mona chrift fur di gsammten aturwi senschaften.
Jahrgang 1-[\ .
Mitth ilung n d reins fur Erdkund zu Halle 1885.
Do. zu L ipzig, Jahrgang 1870-86.
r I J ger- og Fisl eriforenings Tids krift 1883- 6_
orsk tckni k Tid krift, argang 1-4. 18 3- 6.
Nor k Hav tidcnde. Aargang 1-2. 1885- 6.
Jahr b richt d r geographi chen G seUschaft zu Gr ifswalde
I, II. I 2- 4.
D ut ch geographi ch Blatter. ]ahrgang II-IX.
Amtmand Morgen tjerne. Stavanger. Indstilling angaaende Land-
brug kolen. I 85.
am Arbeiderforsikringer. 1885.
Peder Fylling, 0ndm0re. F0lgende Manuskripter:
Historisk-antik\ ariske Optegnelser i Skodje. atne og 0rskoug
~ogne paa Sl'mdm0re. 3 Hefter.
P. Fyllings elvbiografi. I Hefte.
Gamle Bre\ e oversatte af P. F. 2 Hefter.
Historiske Opt gnelser om Harhams0en og ·oldseth. I Heft
Et Par Ord om Oplobet i Borgunds ogn 1816. I H fte.
Historiske Optegnels r. I Hefte.
Tale I ide ai 1884 af P. F.
En amling Breve kreme til P. Fylliog fra for kjellig Mcend.
Giskecetten paa S0ndm0re, af P. Fylling. Aalesund I 3.
am Gaarden Blindheim paa Vig r0en og om Grett r Ba k ta
paa Harham Aar 1015. Aalesund 1884.
Konservator Sparre Schneider. Trom o. Under 0gelser am Dyr -
Iivet i de arktiske Fjorde. I-ill.
Troms0 Museum. Troms0 Museum Aar ber tning I 85.
Do. Aarshefter, IX. I '86.
ToJdkass rer C. Pettersen, Troms0. V stfjorden og alt 11; me I
geologi k Kart.
Kvartcertidens Udviklingshistori i det nordlig orge; med
Kart.
M. Foslie, Troms0. Kriti k Fortegnelse over orges Havsalger ind-
til 1850.
Videnskabernes elskab i Trondhjem. krifter 18 5.
Hans Majestcet Kong Oscar II. Fjerde Beretning om Bygd0ens
Kongsgaarcl, mecl lllu tr. og Kart.
Kirkedepartementet. orges gamle Lov , 4de Bind ved G. torm.
Finantsdepartementet. 35te ordentlige torthings Forhandlinger 1886.
6 Bind med Register.
Storthings-Eft rretninger 1 36-54. B. I. Hf. 4-6.
Forklaringer til tatsregnskabet I 84-85.
]ustitsdepartemt'ntet. orsk Lovtid ode for 18 5. Hf. 4.
Do. 1886. Hf. 1-2.
Professor Dr. H. Mohn. Mission scientifique de ap Horn 1 82
-83. Tom. II-III.
Beobachtungen der erdmagnetischen Elemente und Erdstrom 1m
Observatorium zu Pawlowsk 1882-83, von H. Wild; mit
14 Tar.
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Die osterreichische Polarstation Jan Mayen; Beobachtungs Er-
gebnisse B. 1- 3.
Beobachtungen der russischen Polarstation an der Lenamundung
1882-83. Meteorologie. Von A. Eigner.
Expedition polaire finlandaise de Sodankyla et de Kultala
1882-84. Par S. Lemstrom et E. Biese.
Beobachtungen tiber die periodischen Erscheinungen des Pflan-
zenlebens in Finland 1883; von A. O. Kehlman.
Videnskabsselskabet i Kristiania. F orhandlinger 1885.
Overhofintendant Chr. Holst. F ortegnelse over videnskabelige In-
stitutioner og Iitercere Bytteforbindelser til Veiledning for
det norske Universitet. 2den Udgave 1885.
Univer itetet. Universitets-Bibliothekets Aarbog 1885.
Prof. Dr. H. Mohn. Report of the international Polar·Expedition of
point Barrow, Alaska; 1882-83.
Det statistiske Centralbureau. orges offlCip.lIe Statistik, 3die Rcekke,
No. I: 1-4; No.2: 11,12-14,15-29.
Meddelelser 3die og 4de B.
tatistisk Aarbog, 6te Aargang 1885-86.
Indredepartem ntet. Fortegnelse over Lceger, Tandlceger og Dyr-
lceger 1886.
Den geografiske Opmaaling. Topogratiske Karter IS og 59 A,
42 C. 45 og 52 D.
Ky tkart fra Ona til Sm0len.
Kystkart fra Bejan til L0V0.
Den norske Lods 8de Hefte: Throndhjemsleden til den rus-
siske Grcendse.
Vid nskab 'clskabet i Kristiania. Eine Augustin faJschlich beilegte
Homilia I acrilegiis.
n hist ri ke Kildcskriftkommission. Borgarthings celdre Kristenret
i fot lithografisk Gjengiv Ise.
Kon rvat r Dr. J. Brun horst. Ueber die Function der . pitze bei
d n Ri htllng 'bewegungen der Wurzeln.
e r die Knollchen an den Leguminosenwurzeln:
b r eli Wurz lanschwellllngen von Alnus und den Elaagna-
n. - lIc af J. Brunchorst.
K I. W t n kap kad mien i 'tockholm. Handlingar Vol. XIX
g XX for Aar"ne 18 '1-83.
L fnad tc kningar Ofver kademiens fter Aar 1854 aflidna
I damoter.
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FDrteckning Dfver inneMllet af Akademiens Skrifter 1826- 3,
ved W. Dahlgren.
Minnesteckning Dfver Gustav af Klint, ved G. kogman.
Arsberetning [882-84.
Ofversigt af Akademiens forhandlirigar I 5- 6.
Bihang till Akademiens handlingar. B. 10.
A. H. Maim, Gateborg. Om owerby's Hval; m d 1 TavIe.
P. Olson, 0 tersund, Jemtland. Farteekning Ofv r -tersund hogra
elemertar-Iaroverks mynt- oeh medaljesamling, n.
Entozoa iakttagna ho skandinaviske havsfiskar. Platyh Imin·
ther, I.
Bidrag till Skandinavien Helminthef.,una, I; m d 4 T .
Jcmtlands fanerogamer oeh ormbunkar.
Om ntLgra fornminnen fran Jemtland oeh Angermanland.
Minnen fran )emtlands hednaticl.
E. Nordenson. Till Kanneclomen om spontnn n~lthinn aflo ni ng;
med 13 Tav.
A. Hazelius, Stockholm. Saga-minnesblad fdin nordiska museet,
1883, med teckningar.
Bidrag till var adlingshafder; no. I, 2 og 4.
Samfunclet till norcliska muse ts framjande, J '84.
Prof. W. C. Bragger, Stockholl:n. Ueber die Bildungsgeschichl der
Kristianiafjord.
Ob ervatoriet i Uppsala. Bull tin m nsuel 1885.
Universitetct i Do. ova acta Vol. 'III.
Redogj0relse far Kgl. Universitet t under Hi aret 1885-8G.
Do. i Lund. Acta Universitatis Lund nsis; Tome XXI. 18S4.
Sioidf6reningen i tockholm. Monster fOr konstindu. tri oeh sll iid.
Argang XIII, 1886.
Meddelanden fran sloidforeningen 1886.
Vi lensl<abcrncs Selskab i Kj0bl'nhavn:




Oversigt over Forhanulingerne, 1886.
Den danske Kirkeinspektion. Lamentatio ecclecicc. KirkL'ns Klagc-
maal af O. Chry ostOll1l1S 1529.
Kancelliets Brevb0ger vedmrend Danmarks indre FOr/lOll k.
[55 1-55.
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Prof. J. Steenstrup i Kj0benhavn. Kj0kken-M0ddinger - eine ge-
drangte Darstellung diesel' Monumente sehr alter Kultur-
stadien; mit 4 Tf.
Det zoologiske Museum i Kj0benhavn. Spolia Atlantica I.
Die meteorologische Station in Mtinchen. Beobachtungen, Jahrgang 7.
1885·
W ochenlicher Witterungsiibersicht, 1885.
Di Kgl. sachsische Gesellschaft del' Wissenschaften. Gesammelte
Werkc von A. F. Mobius, Band 2-3.
Die K. K. Anstalt fiir Meteorologie etc. in Wien. Jahrbiicher, Band
XXI, J884.
Do. zoologisch-botanische Gesellschaft in Wien. Verhandlungen
Banel XXXV, 1886.
Prof. Dr. F. C. 011, Frankfurt aIM. Del' zoologische Garten,
Jahrgang xxvr -xxvn, 1886.
Das naturhist. Hofmuseum in Wien. Annalen, Banel I, 1886, No.
1-5·
Prof. ] r. A. Kanitz, Budapest. ovenigtani Lapok; botanisk Jour-
nal for Ungarn; Aargang 1885-86.
Di botanischen Resultate del' central-asiatischen Expedition des
Grafen Bela Szechengi, 1885.
Die Sen kenbergische Ges 'lIs hart in .Frankfurt aiM. Abhandlungen,
Band 14.
Reise rinnerungen aus Alg ri n und Tunis, von W. Kobelt.
Bericht 1885.
D rVer in fur Geograph n in Wien. Bericht libel' da XI Vereins-
jahr 1886.
'1' h tan. V rein zu Sondershall. en, Innischia, Korrespondens-
blatt des Vel' ins, 1885.
Pruf. Dr. MlilJillS. Kiel. Untersuchungen libel' Enchytrells MiilJii.
v n M. i ha 'Iscn; mit 3 Tf.
nl'r u hungcn lib I' die Illteglllllente del' Lophobranchil"t', on
E. . huft.
V'r 1 tanis he Nein zu Lanc1shllt. 9ter Bericht 1886.
G '5 II haft fiir atm und Hcilku n Ie. 24 Hericht del' Gesell. zu
Giesen.
V'r natmwiss. Vl"r in 7.l1 Br men. Abhandlungen, H. IX. 18'6.
Prof. G. vom Rath, Bonn. Vortrage und littheilungen, 1886.
Wort eI r Erinnerung an Prof. A. . Lasaulx.
Min 'ralogi' he tizl:n.
Dr. K. Lampers. Die Holothurien on Syd-G 'orgien na h cler
usbeute der deutschen Polarstation, 1882- '3.
Dt:r naturwissenschaftliche Verein in Greifswald. Mittheilungen, i7tcr
Jahrgang. 1886.
Die phu ikalisch-okonomi che Ge ell chaft zu Konig berg. hriften,
26ter Jahrgang. 1885.
Ocr Verein fur Erdkunde zu Leipzig. Mittheilungen. 1 . 4-85, mit
A~las.
Ocr naturwiss. Verein fur chI wig-Hoi t in zu Kid. ' hliften, Band .
Dr. . W. Beyer. Die aturwi sen 'chaft n in del' El-liehllng. hull'.
Die naturwiss. Ge ellschaft zu Giessen. Die Ex ,tiq atioll der 'child-
druse, von F. Fischer.
Ueber die Tension del' iiber Illis iger lind cler libel' lester
Sub tanz gl'sattigten Dampe. von \i . Fisch r.
Ueber die Compre 'si~ilitat von 'alzl"slingen, on]. . hl1l'icl r.
Die purkinjcschen Faden illl Herzcn der Hau saug-"thiercn, von
R. Schmaltz.
Ueb r die sogenannten Trachydoleritc d s og 'Iberge , von
J. M. Ledroit.
Pror. G. vom Rath in Bonn. U bel' den Au bru h del' Tana ra
auf ew Zealand.
D I' Verein fur aturkllndc ZlI Ca·s·1. Bericht XXXII und X XTJI.
1885-86.
Die naturforsch. Gesell haft in Zurich. icrteljahr. hrift, _ 29,
Jahrgang 1 81-84.
Gew rbeschulc zu Bistritz, 'i bl'nblirgcn. Jahn.:sb 'ri ht I 5 -
Het Genotschap atura Artis 'Iagi,tra. Bijdrag n tot Ie Di rkunde;
13 Aflcvering.
Professor A. F. Marion, Mar eilc. Annual du Mu<;' c\'histoir na-
turcllc de Marseille. Tom n.
!lusee royal d'histoire naturdl a Bruxell's. Bulletin, Tome IV.
M. E. Dupont, Bruxelks. L' ilcs coralliennes de Roly 't de
Philippeville.
La ocicte royal des sciences dl' Li ge. Memoires, 2 Serit:, Tom XH.
M. E. Dupont. Sur les calcaires fraisniens d'origin corallienn d> la
Belgique.
ur I terrain devonien moyen de la Belgiqu .
I ote sur Ie devonicn inferieur de la Belgique.
Profcs. Sidney J. Smith. Report on the t1ecapod crustac a f th
Albatros dredgting of the east coast of the U. 1884·
Reverend R. B. Watson, Scotland. Report on the caphopoda
lQ*
and Gasteropoda collected by the Challenger expedition
1873-76; with Lm pI.
G logical and nat· history surv y of Canada. Ottawa. Geolo£ical
maps.
Rapport des operations 1882-84.
atologue of Canadian plants.
Des riptive catalogue of the conomic minerals of Canada.
Metcorologi al "ervices af Canada, Torento. Report 1883.
Monthly weather review 1886.
Y rkshire Philosophical Soci ty, York, England. Annual report
188 5.
in innati Museum Association. Annual report 1885.
Roston .ociety of atural History. Proceedings. Vol. XXII.
Memoirs. Vol. III No. I.
N w York Academy of Science. Transac~ions, Vol. III and V, j O. l.
Ruffalo Soci ty of Natural History. Bulletin. Vol. V.
A ad my of Natural cien e, Philadelphia. Proceedings 1885 og
[886. Part. I.
alifornia Academy of Science. Bulletin 1885.
Nova Scotian Institute of Nat. "cien e, Halifax. Proceedings and
Transactions. Vol. VI.
Th· g 01 gical and natural history survey of Minnesota, Minne-
apolis. Th G ological of Minnesota, Vol. I; by . H.
Winchell.
Th g ological and naturalhi tory survey of Canada, ttawa. Aus-
kUnft i.iber den'taat Canada flir deutsche Ansiedlcr.
litth ilung n Uber Manitoba und da ordwe t T rritorium flir do.
Alp rt n anatla and it agricultural re ources; by W.
Fr ram.
Auslralian Mu um, 'idn y. D cnptlve catalogu of the g neral
011 cti n of minerals in th Museum.
atal gu of th Echinostcrmata in the Mus um.
R p rt, 1885.
N w Z aland In titut ,Wcllington. Dctailed cataloguc and guidc
t the geologi al .xhibition, by J. H ctor.
I Ian Ib k of new Z alan I, by J. Hector.
Th P yal 0 i ty of outh Au tralia, Adelaide. Transactions,
1 r cdings and R port. Vol. ill, 1886.
I. aw n, Montr ai, anada. The Geological History of th
orth Atlantic.
- 285-
ew Zealand Institute. Transactions and ProceeJings. \ 01. VIII.
Manual af ew Zealand Coleoptera. by T. Brown. Part 3-4.
Ministerio di Agricoltura. Industria e Commercio .Roma. \nnali
di Agricoltura, 1885 og 86.
La ociete imperiale des Naturaliste' de Moscou. Bulletin, 1885-
Meteorologische Beobachtungen 1885.
Academia reali dos sciencias de Lisboe. Etude ur It's Bilobites et
autres fossiles des Qvartzites de la base du sy teme situ-
rique du Portugal. par J. Delgado.
J. G. Hidalgo. Madrid. Sciencias naturales. Catalogo de los 11101-
luscos recogidos en Bayona de Galicia.
Academia nacional de sciencias en Cordoba, Republica rgentina.
Boletin, 1i>8S. Tome vm.
Ministerio di Agrcioltura, Roma. Avifauna italic:1, p:1r E. H. Giglioli.
Meteorologiske Institut i Lissabon. Annali, 1083-04. Vol. XXI-XXII.
The Royal Physical Society of Edinburgh. Proceedings for the
years 1859, 1866, 1874, 1876-1883 og 1885·
The Society of Antiquaries of Scotland. Proceedings, Vol. VlJ.
1884-85.
Greenwichs Observatorium. Diagram representing the diurnal hanee
of magnitude and lirection of the magnetic forces in th ~
horizontal plane of the observatory. 1841- 76. By J. B.
Airy.
Results of the astronomical observations 1884.
Introductions of the a tronomical ob ervations 1804·
Th Royal Society of London. Proceedings, Vol. XXXIX-Xl..
Profes. W. A. Herdman, Liverpool. Reports from the Liverpool marine
biology committe. Introduction and map.
Report upon the crinoidea, asteroidea etc.
Do. of the hydroidea.
Do. of the nudibranchiata.
otes on the fauna of the Isle of Man.
The conservative action of animals in relation of dynamical
•geology.
John Hopkins University, Baltimore. University Circulars 1885--86.
Vol. 5-6.
Studies from the biological laboratory. Vol. III.
Smithsonian Institution, Washington. Annual report 1883 and 1884.
Publications of Ethnology. Vol. m by L W. Powell.
Leonhard Steineger, Washington. On Brachyramphus perdix, Pall.








The code of nomenclature and check-list of North-American birds
adopted by the american ornithological union.
Kathrine J. Busch. Washington. List of deep-water molluscs,
dredged by the steamer Fish-Hawk J8~82.
Museum of comparative zoology, Cambridge, Mass. Memoirs. Vol.
X,2-3-4.
Do. Vol. XIV, No. I.
Bulletin. Vol. XII, 3-6 og Vol. XIII.
Annual report 1885 og 86.
The ornell Univ 'rsity, Ithaca N. Y. Library Bulletin. Vol. I og
Vol. rr, 5-8.
Bulletin. Vol. 11. The Cayuga flora, part I, by W. R. Dudley.
U. S. coast and geodetic survey, Washington. !{eport 1883 - tl4.
Cornc'll University. The University register 1tl85-tl6.
U. S. geological survey, Washington. Bulletin, No. 3-27.
Mineral resources of the U. S. I tl83-84 by Albert William'.
Annual report, 1882-84.
U. S. signal offic '. Washington. J{cport of the international polar-
expedition to point Barrow, Alaska, 1884.
Bulletin. Vol. V. 1885.
The Fisheries and Fish ry-inc1ustries of the U. S. by G. B-
Goode. S ,ction J. T 'xt and pI. L
U. S. F'ish Commission, Washington.
U. S. ational Museum, Washingt n.
The Geological Survey, Washington.
Profl:s. A. Eo Verrill, Washington.
th' st 'amcr Albatross 1883,
Indberetning
til Generalforsamlingen den 21de April 1887 over Museets
Tilstand i 1886,
afgivet ifClllge Lovens § S.
I. Museets CIlkonomiske Tilstand. Regnskabet for Regn kahs-
aaret fra Iste April 1886-Iste April 1887 fr mlcegges.
Af Regnskabet fremgaar, at Kassebeholdning n d n
I te April var 1479 Kr., men hertil maa bemcerkes, at
Aere Regninger, iscer fra Udlandet, ikke ndnu rind-
komne og at der paa Bibliothekkontocn skyldcs mellcm
5 a 600 Kroner, saa at naar Alt blivel' betalt som angaar
Budgetaaret vii der ikke vcere noget tilovers.
2. Museets Sam linger har vcerct tilgjcengelig til de s:lInm
Tider som i aile foregaaendc Aar, hvilket ogsaa gja:lder
for de offentlige Skoler vcdkommencle. Fremmeclc hal'
fremdele Adgang udcnfor d reglementercclc Ticler.
De fra Muscets trendc Afdelinger affattcd Beretninger,
bctrcef~ nde Virksomh den i det forl0bne Aar, oplces s.
3. Hi b Ii 0 th eke t. Bibliothekarcns Berctning oplcescs. Fort 'g-
nelse over Gaverne veclla~gges.
4. Mccllemmerncs Antal. 120.
5. \ a Ig. a) Rcvisorcr: D'Hrr. Konsul Gad og
Mcegler P. Blytt.
b) Decisorer: Bankchef Faye.
Konsul Christen Gran.
D. C. Danielssen. Platou. Herman Friele B. S. Henrichsen.
N. Nicoll. Ths. Angell. G. A. Hansen.
Extrakt
af Bergens Museums Regnskab fra lste April 1886 til 3lte Marts 1887.
Induegt:
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Kass:lbchoklning til 1)ir"kti nens Disposition Kr.
Bcrgl'n 1st· J\ pri! 1::187.
1479°3
Ths. Angell.
